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MEDIAL DEGENERATION OF THE AORTA 
AS SEEN IN TWELVE CASES OF 
DISSECTING ANEURYSM 

ANTONIO ROTTINO, M D 

Director of Laboratories, St Vincent’s Hospital, and Instructor in Pathology, 
New York University Medical College 
NEW \ORK 

Degenerative lesions in the media of the aorta have been desciibed 
in cases of dissecting anemysm foi many yeais Among the pioneers 
were Moriani,^ Shennan and Piiie - and Furno ^ Interest in the subject 
was given renewed vigor by Gsell,'* who earned over to the aorta 
Wiesel’s “ observation of muscle necrosis m peiipheral vessels This was 
immediately followed by contributions fiom Eidheim,® who introduced 
a new concept — medial degeneration by mucoid degeneration rather than 
by antecedent muscle necrosis Since then many others have added then 
efforts to the solution of the problem (Celhna,’^ Levinson,® Wolff,® 
Neuberger , Moiitz , Klotz and Simpson , Weise 

The observations of Gsell were of particular importance He 
described a form of medial degeneiation which appaiently began as focal 
necrosis of muscle This was followed later by disintegration of elastic 
tissue and collagen, resulting in the foimation of gaps Healing, if it 

From the laboratories of pathology of St Vincent’s Hospital and Bellevue 
Hospital and the Office of the Chief Medical Examiner 

1 Moriani, G Virchows Arch f path Anat 202 283, 1910 
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occuired, took place by the appearance of loose scar, very poor m col- 
lagen Most striking was the absence of cellular reaction 

While in his first report Erdheim concurred with Gsell, in his 
second contribution he introduced a new form of medial degeneration, 
called by him “medionecrosis aortae idiopathica cystica ” In this instance 
he believed that the disease began Avith the accumulation of abnoimal 
quantities of mucoid material in the media, spreading as it increased 
beyond the confines of single mterlamellai spaces until with the dissolu- 
tion of previously normal muscle, collagen and elastic tissue, mucoid- 
filled spaces remained Healing occuned by the foimation of loose, 
nonvasculanzed scars or by regeneration of the original elements At 
no time in the entire process was an inflammatory mechanism evident 
Intima, adventitia and vasa vasorum played no visible role In subse- 
quent leports othei students have described the medionecrosis of Gsell 
or the mucoid degeneration of Eidheim without clearly differentiating 
between the two 

It IS the purpose of this paper to present a study of medial degenera- 
tion as encountered in 12 selected cases of dissecting aneurysm of the 
aoita Eleven others w^ere discarded either because tissue for study 
was no longer available or because the condition was complicated by 
another disease, such as syphilis or bacterial endocarditis In 9 of the 
12 cases the heart and aorta had been saved In the lemammg 3 cases 
the material available included the ruptured intima, making it possible 
to study the wall of the vessel m this region In 10 cases the dissection 
and intimal rupture Avere recent, m the remaining 2, long standing The 
intimal rupture Avas supravalvular in 10 cases and at the arch m 2 

METHOD OF STUDY 

In 8 cases the entire aorta from the root to and including the arch was cut 
into serial blocks Beyond, representative sections Avere taken every 3 to 4 cm 
When these were cut transversely, they included the entire circumference of the 
vessel , when cut longitudinally, they extended from root to arch Only in case 12 
was it found necessarv to make the sections small However, enough was taken 
from representative locations to make the inclusion of the case in the series 
justifiable Blocks were also cut from the m 3 'Ocardium and coronary arteries 
and from the %alves when the latter were visiblv diseased The following stains were 
emploAed hematoxjdm and eosm, Mallory’s phosphotungstic acid-hematoxjhn, 
Weigert’s stain for elastic tissue. Van Gieson’s stain, Masson’s tnehrome stain 
In some cases the Foot and Foot stain for reticulum was used In a single instanee 
the Von Kossa stain aided in demonstrating calcium Thionine and cresylecht 
Aiolet were found useful for \isualization of mucoid substances 

In order that the distribution of lesions might be studied better, a map of the 
aorta was made in each case and the different tj'pes of lesions were charted on 
it in code Thus it was possible to note at a glance their number, distribution 
and relation to each other and to the point of intimal rupture (fig 1) 
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RESULTS 

In eveiy case destiuctive noninflammatory lesions weie found m the 
media of the aorta The simplest and most common type, present m 
10 of 12 cases, was characterized by focal loss of muscle (fig 2 A) and 
ciowdmg together of elastic laminae In only 3 of these 10 instances 
was it possible to recognize anucleai remains of muscle cells Lesions 




Fig 1 — Diagrams of aortas from 12 patients with dissecting aneur 3 fsm, showing 
distribution of simple muscle loss (x), muscle and elastic tissue loss (circled x), 
cyst formation (o), scar formation (-) and medical regeneration ('") and the 
location of the intimal rupture (>) 


of this type were found chiefly m the middle and inner thuds of the 
aorta from root to isthmus, adjacent to and beyond the region of intimal 
rupture, in dissected portions (cases 3, 4, 5, 6, 7, 8, 9 and 12) and non- 
dissected portions (cases 1 and 2) of the aoita In case 1 only were they 
found in the descending portions as well The severity as measuied by 


14 This finding is mentioned because it is used by Gsell as indicating necrosis 




Fig 2 — A, simple muscle loss, hematoxyhn-eosin stain Note the complete 
absence of cells in the midzone B, more advanced degeneration, Weigert’s stain 
for elastic tissue In addition to the disappearance of muscle in this area, there 
are a thinning and loss of staining of the elastic lamellae 
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size and numbei varied in different cases, being extieme in 4 cases (1, 2, 
3 and 4), modeiate m 3 (5, 6 and 7), mild in 3 (8, 9 and 12) and absent 
in 2 (10 and 11) 

In 8 cases the lesions wcie of a moie advanced type, chai actei ized 
not only by loss of muscle but by degeneiation of elastic and collagenous 
tissue as well These tissues weie found in all stages of disin- 
tegration, from thinning and loss of the tinctorial pioperties of elastic 
lamellae (fig 2 B) to the completion of the piocess with formation of 
mucoid-filled caMties bordered by normal media (fig 3 A) 

The size of the lesions of this type varied The damage was insig- 
nificant in some instances and in otheis it w'as visible on holding elastic 
tissue preparations up to the light The largest lesion measured 3 to 4 
mm long and occupied the entiie width of the media These lesions 
were model atel}’’ numerous in 6 cases (1, 3, 4, 6, 8 and 9), scant in 
2 (2 and 10) and absent In 4 (5, 7. 11 and 12) Then distiibution was 
more or less similar to that of simple muscle loss wuth the exception 
that m no case w'as a lesion of the advanced t>pe present in the descend- 
ing aorta In 7 cases this type w'as found m the same vessel in wduch 
simple muscle loss was present The piedominance of each type in 
any one aoita vaiied In 2 cases (1 and 2), the simple type predom- 
inated, in 2 otheis (3 and 4) both weie equally conspicuous, and m 3 
the more advanced lesion ovei shadow^ed the other (6, 8 and 9) 

The third type of lesion to be described w'as found in 8 cases (1, 
5, 6 and 8 to 12) Its chief chaiacteristic was the presence of vaiiable 
numbers of muscle cells, scant oi moie numerous than normal, occupying 
areas devoid of elastic laminae (fig 3 B and 4 A) In some lesions the 
muscle cells apparently lay free in mucoid material , in others they were 
enmeshed in a netwmik formed by loosely arianged collagenous tissue 
(fig 3 B) This type of lesion could be detected m hematoxyhn-eosm 
preparations by the unusual direction of the long axes of the muscle 
cells, which ran perpendiculaily or obliquely to muscle cells of adjacent 
normal media In 2 cases (5 and 6) lesions of this type were model ately 
prominent, in 5, markedly so, and in 1, scant (1) In every instance 
they were observed in the lowei half of the ascending aorta only Such 
lesions constituted almost the sole abnormality in 3 cases (10, 11 and 12) 
In 3 others (5, 8 and 9) advanced degenerative changes w^eie equally 
conspicuous In the remaining 2 cases (1 and 6) the third type sank 
into insignificance alongside destructive lesions 

A fourth type of lesion, present in scant numbers in 4 cases, must 
be mentioned It consisted of loosely constructed small fibious scars 

15 As I lean toward the theory of Erdheim, who felt that the lesion repre- 
sented a regenerative phenomenon, I have captioned it in figure 1 as “medial 
regeneration ” 
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Fig 3 — A, mucoid-filled cyst, surrounded by normal media, hematoxylm-eosm 
stain This is an end stage of the process depicted in figure 2 B, area of regenera- 
tion , phosphotungstic acid-hematoxylm stain , high power magnification Note that 
muscle cells are numerous and irregularly arranged The supporting stroma 
consists of a loose collagen meshwork Elastic tissue is not present (See fig 4^ ) 
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Fig 4 — A, same lesion as m figure 3 B, illustrating the absence of elastic tissue, 
Weigert’s stain for elastic tissue, low power magnification B, nonvascularized scar 
filling an area of degeneration, phosphotungstic acid-hematoxylm stain Note 
looseness of the stroma Fibroblasts are scant 
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(fig 4B) Though these scars were usually avascular, an occasional 
one contained wide endothehal-hned channels Inflammatory reaction 
was completely absent from this type in every case 

No correlation could be established between intimal changes and 
the medial lesions To be sure, some were subjacent to atherosclerotic 
plaques, both small and large, but these were the exceptions It was 
impossible to discover adventitial thickening beneath the medial lesions 
as described by Gsell, except in the last case, and in that instance it 
was generalized rather than focal 

Changes in the vasa vasorum found m seveial cases were due to 
increase either of elastic or of collagenous tissue 

The cardiac findings in the series are as follows The hearts of 9 
patients were hypertrophied Four of the patients from whom these 
hearts were removed had clinical records of hypertension Fusion of 
the commissures of the aortic valve with thickening of the leaflets vas 
noted in 5 hearts One alone had demonstiable AschoflF bodies in the 
myocaidium One showed myocardial infarction 

The degree of coronar)' disease was insignificant except in 3 hearts 
In case 7, in addition to atherosclerosis narrowing the lumen there 
was a marked inflammatory reaction of undetermined nature In 
the third there was severe atheroscleiosis but no occlusion 

COMMENT 

Attempts to ascribe medial degeneiation as seen m these cases to 
aitefact or to change secondary' to tiauma or to nutritional insuffi- 
ciency incidental to dissection can be dismissed In the first place, it 
was found m nondissected portions of the aorta, secondly, it occurred 
rarely in the descending portion, which w^as as frequently dissected as 
the ascending aorta, and, finally, medial degeneration as herein described 
has been seen in our laboratory in routine autopsy material One case 
w'as reported in which the changes were more marked than in any 
instance in the present series In that case there was aneurysm forma- 
tion, but the wall was not dissected and not ruptured 

The disease is a distinct pathologic entity, different from any of the 
bettei known forms of aortic disease, such as syphilis and rheumatic 
fever, since the inflammatory changes charactenstic in the latter two 
diseases are absent In the same way, it differs from other less com- 
mon forms of aortitis, such as those due to pyogenic infection, tuber- 
culosis and periarteritis nodosa This lack of inflammatory reaction in 
medial degeneration cannot be ascribed to inability of the organism to 
react, for in ever}'^ instance m which hemorrhage had taken place in 
the adventitia numerous polymorphonuclear leukocytes were found 

16 Rottino, A Arch Path 27 320, 1939 
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locally Further, in older cases fibroblastic reaction was rich and new 
vascular channels abundant The same proliferative phenomenon was 
noted on the dissected surfaces of the media, where in some instances 
a new intima was in the process of formation, seen par excellence in 
case 12, an instance of an old, healed lesion, wdiere the reformed intima 
Avas dense, iich in collagen and densely packed with elastic fibnllae 

The finding of medial degeneration exclusively in the ascending 
aorta and arch in 11 of the 12 cases emphasizes Gsell’s notation that 
it IS essentially a disease of this portion of the vessel Its progression 
from simple muscle loss to eventual C3’^st formation was a relatively 
simple matter to trace in 6 cases — an experience similar to that of 
Gsell’s Its inception in prehminar}^ mucoid degeneration in the sense 
of Erdheim, on the other hand, could not be established To be sure, 
in 4 cases there was degeneration of media with unusual collections of 
mucoid — surrounding abnoi mally ai ranged muscle or filling large spaces 
To trace this to a lesion beginning wuth an overabundance of mucoid 
in single interlamellar spaces, however, was impossible 

A w'ord must be said concerning the ability of smooth muscle to 
regenerate, since this potentiality is questioned by many pathologists 
It IS impossilile in the cases herein presented to state that the evidence 
for this IS the demonstration of visible mitosis or amitosis How^ever, 
w'hen one sees in an area an inciease in muscle cells, not ascnbable 
to crowding, one is driven to the conclusion that they must have 
regenerated, possibl)’- from nonaffected peripheral cells Further proof 
IS that in large areas of degeneration, as evidenced by loss of elastic 
tissue, one still finds muscle cells in profusion Unless they are regen- 
erated, one is compelled to accept the theory that they represent the 
original muscle w Inch escaped the effect of a noxa capable of destroying 
elastic tissue 

The causes are entirely unknowm Certain factors are apparently 
associated sufficiently often to suggest themselves as predisposing Age 
IS one, for no patient in the present gioup w^as younger than 43, one 
was 51, and the rest w^ere above 55 How'^ever, since in the literature 
there are reports of cases in which the ages were 21,^^° 23,® 25,^ 28 
and 29,’-^ it appears that the necessity of old age is not absolute A 
second finding of importance is the presence of pathologic changes in 
the heart in some form This was observed in 11 of 12 specimens — 
9 with hypertrophy and 5 wuth lesions of the aortic valve One third 
of the patients (4 of 12) had had hypertension Four others had 
hypertrophied hearts with no valvular defects to account for the 
enlargement Unfortunately, their blood pressure had not been taken 


17 Narr, F H , and Wells, A H Am Heart J 8 834, 1933 



10 


ARCHIVES OF PATHOLOGY 


The specific cause (or causes) remains problematic Wiesel’s ^ find- 
ing of medial degeneration in peripheral vessels of patients who died of 
acute infectious disease — sepsis or scarlet fever — has supplied one 
answer Apparent support was giA^en by Stoerk and Epstein/® who 
found the same change in the coronary A'essels in fatal cases of grip 
Gsell suggested the importance of endogenous toxins Three of his 
patients had renal insufficiency Pappenheimer and Von Glahn 
observed simple muscle loss in the aorta in several cases of rheumatic 
fever They ascribed it to a nutritional disorder resulting from changes 
in and about the nutrient vessels On the experimental side, degenera- 
tive lesions in the aorta have been leported in poisoning by nicotine, lead 
(Cellina’') and epinephrine (Lange®®), in electrical and thennal stimu- 
lation of the wall (Erdheim®^), also, in consequence of feeding pul- 
verized oigans to rabbits (Steinbiss ‘^) Erdheim, noting how 
unrelated the assumed causes weie, came to the conclusion that all of 
them in some way Avere responsible foi OA’^erpi oduction of epinephrine 
In the proper patient this caused prolonged contraction of vasa vasorum 
and ischemic neciosis of the media My material offers no help to 
any of the theoiies 

SUMMARY 

Medial degeneration Avas studied in the aorta in 12 selected cases 
of dissecting aneurysm The lesion was characteiized by loss of mus- 
cle, elastic tissue and collagen, lack of inflammatory reaction and healing 
by loose scar formation and by regeneiation of muscle and elastic tissue 
Loss of muscle appeals to be the initial lesion The degeneration of 
the lemainmg medial elements folloAvs 

Medial degeneration as described by Erdheim could not be estab- 
lished to be present in our mateiial 

Medial degeneration is essentiall}'^ a disease of the ascending aorta 
and arch 

The specific cause remains unknoAvn Possible predisposing causes 
are old age, heart disease, hypei tension 

18 Stoerk, O , and Epstein, E Frankfurt Ztschr f Path 23 163, 1920 

19 Pappenheimer, A M , and Von Glahn, W C J M Research 44 489, 
1924 

20 Lange, F Virchows Arch f path Anat 248 463, 1924 

21 Steinbiss, W Virchows Arch f path Anat 212 152, 1913 
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1 INCIDENCE or INFECTION IN MAN, DOGS AND CATS IN THE NEW 

ORLEANS AREA AS DETERMINED IN POSTMORTEM EXAMINATIONS 

WILLI SAWITZ, MD 

NFW ORLEATvS 

The incidence of infection with Tiichinella spiiahs is highei in the 
United States than in any other countiy ^ Piactical methods foi the 
reduction and control of the infection depend on knowledge of the 
incidence in the various hosts and the epidemiologic role these hosts 
play, in order that the most important transmission lines of this parasite 
may be inteirupted 

Any mammal mIiicIi eats trichinous muscle is apt to contract 
tiichinella infection and on being eaten itself ma} act as a tiansmitter 
Tiichinellas occur not only m man but in the domestic and the wild 
hog, the captive and the wild bear, the mouse, the rat the dog, the cat, the 
mongoose, the fox, the badger, the marten, the marmot, the polecat 
(skunk, fitchet), the laccoon, the ichneumon (Heipes ichneumon) and 
the hippopotamus The transmission of T spnahs fiom host to host 
IS diagrammatically shown in figure 1 Onl) those animals are included 
which play a pait in the epidemiology of tiichmosis in the Neu Orleans 
area 

Man acquires tnchinella infection by eating infected poik (excep- 
tionally bear meat) Hogs acquiie it by eating infected pork sciaps 
01 infected rats Rats acquire it by eating other infected lats, infected 
pork scraps oi infected carcasses of dogs oi cats Dogs become infected 
by eating infected poik scraps or infected rats Cats obtain the infection 
by eating infected pork scraps, rats oi mice, which m tuin acquiie it by 
eating infected poik sciaps 

In ordei to ascertain the prevalence of T spnahs m the New Oi leans 
area, a suivey of its incidence in man, hogs, lats, mice, dogs and cats 
has been conducted This paper deals with the incidence m man, dogs 
and cats The incidence in hogs, lats and mice has been studied in 
this laboratory by C E Peres, and his findings will be published later 

From the Parasitology Laborator}', Department of Tropical Medicine, Tulane 
University of Louisiana 

This work was supported by a grant from the Committee on Scientific 
Research of the American Medical Association 

1 Sawitz, W Pub Health Rep 53 365, 1938 
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In 1936 Hinman,- using the artificial digestion method, examined 
2 square inches (12 sq cm ) of each of 200 human diaphragms obtained 
at autopsies at the Charity Hospital m New Orleans and found 7 
diaphragms infected with T spiralis — an incidence of 3 5 per cent 
This figure has been regaided as too low by McN aught and Anderson ® 
and by Hall and Collins on the giound that laiger amounts of muscle, 
additional muscles or additional methods of examination might have 
yielded a higher incidence of infection 

METHODS 

Human diaphragms and pectoral muscles were obtained at unselected routine 
necropsies in the Charity Hospital and the Touro Infirmary Diaphragms of dogs 



Fig 1 — Transfer of trichinellas from host to host in the New Orleans area 

and cats were obtained from animals studied in various departments of Tulane 
University School of Medicine 

The muscles were separated from fat, and about half a gram of each muscle 
was pressed between two slides in a compressor similar to that used by the 
United States Bureau of Animal Industry The piece of muscle was examined 
for lar^ae of T spiralis under a dissecting binocular microscope, with a X 4 
ocular and a X 18 objective 

In addition to the compressor method, the digestion method of collecting laivae 
of T spiralis was employed — a method devised by Thornbury ^ in 1897 and first 
used to ascertain the incidence of trichinella infection in man by Queen, in 1931 

2 Hinman, EH New Orleans M & S J 88 445, 1936 

3 AIcNaught, J B , and Anderson, E V JAMA 107 1446, 1936 

4 Hall, M C , and Collins, B J Pub Health Rep 52 468, 1937 

5 Thornbury, F J Univ M Mag 10 64, 1897 

6 Queen, F B J Parasitol 18 128, 1931 
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The muscles ■\\ere ground and weighed, and 100 cc of artificial gastric juice 
uas added to each 10 Gm of ground tissue The maximum amount of diaphragm 
used ^\as 170 Gm , the smallest, 10 Gm, the average, SOS Gm The maximum 
amount of pectoral muscle used was ISO Gm , the smallest, S Gm , the a\erage, 
34 6 Gm The artificial gastric juice was a solution of 1 per cent pepsin and 0 5 
per cent hydrochloric acid Digestions were carried on for twelve to sixteen hours 
m an incubator at 37 S C (oAcr night) The fluid w’as then strained through 
t\\ o laj ers of cheesecloth into a funnel 8 inches (20 cm ) in diameter, with a 
rubber tube and screw clamp attached to the funnel stem After three hours 2S cc 

T \BLt; 1 — Ftudiugs i» Injected Human Dtaplnagms and Pectoral Muscles by 
Means of the Comprcssoi and Digestion Methods 


Dinpliragms Pectoral Muscles 
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of the fluid was drawm off into a Petri dish wdiich had been ruled in squares 
Each square had been numbered b^ means of a diamond pencil in order to facili- 
tate counting The fluid in the Petri dish was examined w’lth a dissecting binocu- 
lar microscope, using a X 4 ocular and a X 18 objective Trichinellas found 
were differentiated as living lariae or calcified cysts, and the number of each was 
counted The examination was repeated with more fluid until tw'o successive 
samples were negative 

INCIDENCE IN MAN 

Examinations were made of tissues obtained at 400 unselected 
routine autopsies, including 200 previousl}’^ reported " Larvae of T 
spiralis W'ere found m 24 cases — an incidence of 6 per cent 


7 Sawitz, W 4im J Pub Health 27 1023, 1937 
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The quantitative data on the findings in the diaphragms and pectoral 
muscles by the compressor and digestion methods are piesented in 
table 1 

Of the 24 instances of tiichinella infection, 2 were found by the 
compiessoi method (cases 1 and 24), while all were found by the 
digestion method In view of the fact that only half a gram of muscle 
was examined by the compressor method, it was to be expected that 
the cases detected by this method would be those m which at least 1 
larva w^as present in half a gram of tissue Cases with less than 1 larva 
in half a gram of tissue would be expected to be discovered according 
to the chances of probability Only 1 of the 24 cases (case 24) showed 
more than 1 larva in half a gram of tissue by the digestion method, and 
this case was found b}'’ the compiessoi method The case in which the 
digestion method revealed 0 1 larva in 1 Gm (case 1) was probably 
found by chance In the digestion method a much laiger amount — 
on the aveiage 50 8 Gm of diaphragm and 34 6 Gm of pectoral muscle 
— was used, and the larvae present w'ere collected in the sediment This 
technic serves as a concentration method 

Of the 23 cases m which both the diaphragm and the pectoral muscle 
were available, the parasites were shown m the diaphragm m 20 — an 
incidence of 87 per cent In 13 cases the parasites were showm in the 
pectoial muscle — an incidence of 56 5 pei cent In othei woids, if 
the diaphragm alone had been examined, 13 per cent of the cases of 
infection would have been missed, and 43 5 per cent if only the pectoral 
muscle had been examined According to Thoinbury,® the diaphragm 
is considered the best material in wdiich to disco vei the larvae of 
T spiralis He found them in the diaphragms of 76 6 per cent of 
1,043 tiichinous swnne, wdiile 23 4 per cent of the infected swine had 
the laivae only in loin or neck muscles oi both No such studies seem 
to have been made in man The compaiative figures in the present 
study indicate that the diaphragm is a better site for discovering the 
larvae than is the pectoral muscle and that the distiibution in man may 
be similar to that in swine The figures 76 6 pei cent for hog 
diaphragms and 87 pei cent for human diaphragms might have been 
still closer if additional muscles had been examined, since then the 
figuie for the total incidence might have been greater, and thus the 
percental incidence in the diaphragms low^er 

To facilitate comparison of the quantitative findings m diaphragms 
and pectoral muscles, the cases are arranged in table 2 according to 
the intensity of infection 

The average number of tnchmellas found per gram of diaphragm 
111 the 10 cases in which both the diaphragm and the pectoral muscle 
w^ere infected was 0 35, whereas the average number in the pectoral 
muscle w^as 0 22 per gram This indicates that the diaphragm is not 
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only qualitatively but also quantitatively the better material in which 
to search for these parasites The value of the surgical removal of 
a piece of pectoral muscle foi diagnostic purposes is not diminished by 
these results, since the biopsy method is employed in cases of clinical 
trichinosis, in which a heavy general infection and thus infiltration of 
the pectoral muscles may be expected 

Hall and Collins ^ advanced the theoiy that the rapidity with which 
the larvae die and calcify is proportional to the intensity of the infection 
They found onl} living larvae in the majority of infections with less 


Table 2 — Older of Cases with Regard to Increasing Intensity of Infection tn 

the Diaph) agmatic Tissue 


Case 

Age of 
Patient 

Lan ae Pound per Gram in 

1 

Pectoral 

Diaphragm Muscle 

Living (L) or 
Calcified (C) 

1 

43 

0 00 

01 

L 

10 

44 

000 

003 

L 

21 


000 

0 29 

I 

5 

40 

0 01 

0 

L 

17 

50 60 

003 

0 

0 

11 

GO 

004 

0 

L 

3 

61 

0 05 

0 

C 

10 

48 

005 

01 

C 

4 

Go 

006 

0 

C 

2 

29 

0 07 

007 

L 

12 

32 

0 07 

0 07 

L, C 

18 

49 

007 

0 

L, C 

15 

51 

01 

0 

C 

8 

GO 

012 

013 

L 

14 

57 

013 

0 

C 

23 

70 

015 

0 

C 

19 

39 

028 

0 03 

C 

22 

73 

0 30 

000 

C 

6 

70 

04 

00 

0 

20 

71 

0 42 

0 

O 

7 

56 

06 

04 

C 

13 

GO 

00 

0 29 

L, C 

9 

30 

0 95 

0 47 

C 

24 

48 

5 52 

Not examined 

L 


than 1 larva per gram, in infections with 1 to 10 larvae per gram, 
some of the larvae were living and some were dead , in cases with more 
than 10 larvae per gram, mixed infections or only calcified cysts Avere 
found In 23 of the cases there was less than 1 larva per gram In 
7 of these only living larvae were found, in 3 a mixed infection and 
in 13 only calcified cysts In the single case in which more than 1 
larva per gram occurred, only living ones were observed However, 
on dividing the cases into two groups, one the cases with less than 0 1 
tnchmella per gram and the other those with more, one notes m the 
first group 12 cases, 6 (50 per cent) of which showed only living 
larvae, 2 (16 6 per cent) a mixed infection and 4 (33 3 per cent) 
calcified cysts Of the 12 cases of the second group, 2 (16 6 per cent) 
showed only living larvae, 1 (8 3 per cent) a mixed infection and 9 



16 


ARCHIVES OF PATHOLOGY 


(75 pel cent) calcified cysts These figures seem to support the theory 
of Hall and Collins 

The age, sex, color and nativity of the patients are recorded in 
table 3 

The incidence of infection in the first 100 cases examined was 
4 pel cent, m the second 6 per cent, in the third 7 per cent and m the 
fourth 7 per cent A variation of 4 to 7 per cent in 100 cases is in 
the same range as that found by Nolan and Bozicevich ® m their 
study of 1,000 diaphragms, their lowest incidence being 12 per cent 
in one series of 100 cases, their highest 24 per cent In addition, the 


Table 3 — Age, Sev, Coloi, Nativity and Occupation of the Pci sons Found Infected 


Person 

Age 

Sex 

Color* 

State of 
Bitrli 

Occupation 

1 

43 

M 

W 

Texas 

Bartender 

2 

29 

F 

N 

Bn 

Housewife 

3 

61 

M 

W 

La 

Horse trainer 

4 

65 

F 

W 

La 

Housewife 

5 

40 

M 

w 

La 

None 

6 

70 

M 

N 

? 

None 

7 

56 

F 

w 

La 

Housewife 

8 

60 

M 

w 

La 

Laborer 

9 

36 

M 

N 

La 

Laborer 

10 

48 

M 

N 

La 

Laborer 

11 

60 

F 

N 

La 

Housewife 

12 

32 

M 

N 

La 

Laborer 

13 

60 

M 

N 

N C 

None 

14 

57 

F 

W 

La 

Seamstress 

15 

51 

F 

N 

La 

Housewife 

16 

44 

F 

N 

La 

Cook 

17 

50 60 

M 

N 

La 

Laborer 

18 

49 

F 

N 

La 

None 

19 

59 

M 

W 

La 

7 

20 

73 

M 

N 

Texas 

None 

21 

45 

F 

N 

La 

Truck driver 

22 

73 

F 

N 

La 

Farmer 

23 

76 

M 

W 

La 

None 

24 

48 

M 

N 

La 

Laborer 


* W indicates white, N, Negro 


incidence will vary, according to the chances of probability, with age, 
sex, race, nationality and economic status, as demonstrated by Hall 
and Collins ® 

The mean average age of the first 100 patients whose tissues were 
examined post mortem was 44 52 years, of the second 100 patients 44*9 
years, of the third 100 patients 46 35 and of the fourth 100 patients 
44 76 In addition, 13 patients included in the first group were of a 
higher economic status than the others These factors may account 
for the lower incidence in the first 100 patients 

In the 24 patients found infected, no clinical symptoms of light or 
chronic tnchinella infection had been noted This is in accordance 


8 Nolan, M O , and Bozicevich, J Pub Health Rep 53 652, 1938 

9 Hall, M C , and Collins, B J Pub Health Rep 52 512, 1937 , footnote 4 
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with the findings in previous suiw'eys in other areas The highest 
eosinophil count m the 24 cases of infection w^as 1 per cent How'ever, 
in onl} 4 of the 24 cases were blood counts available The findings in 
these 4 cases are given in table 4 

The small number of cases in which blood counts were available 
does not warrant the conclusion that small numbers of trichinellas, 
e\en Ining ones, do not stimulate or sustain eosinophilia The time 
that elapses betw^een the exposure to infection and the examination of 
the blood pla}S an important part, since the number of eosinophils 



Fig 2 — Percental incidence of trichinella infection bj decades of age 

decreases in the course of time after it has reached a maximum in 
tb^^cute stage In a case of clinical trichinosis w^hich w'as follow^ed 
up, the percentage of eosinophils was 36 per cent four weeks after 
exposure, 10 per cent after one year and 2 per cent after two }ears 
This suggests that in these 4 cases infection occurred at least two 
years before death 

The distribution of the cases by decades of age is showm in table 5 
Figure 2 show's the curve of the percental distribution of the cases 
of infection by decades of age It show's an increasing incidence of 
trichinella infection w ith increasing age Since the chances of becoming 
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infected increase with age, the rising curve is understandable In the 
group who were examined in the first decade are included 2 stillborn 
infants and 3 babies undei 1 year of age, all 5 found uninfected The 
negative findings in the first and second decades are in agreement with 
the leport of McNaught and Andeison,^ who did not find infection in 


Table 4 — Eosmophtl Counts m Fow Cases 


Case 

Total White 
Cell Count 

Eosinophils, 
Per Cent 

Larvae of 
Trichinella 
Found per Gram 

2 

10,500 

0 

0 07, living 

20 

7,000 

0 

0 42, calcified 

21 

11,400 

0 

0 29, living 

22 

10,400 

1 

0 30, calcified 


Table S 

— Distribution of the Cases by Decades of Age 




Cases in 

Which Tissues r- 

Cases in Which Tissues Were 
Found Infected 

A 

Decades of Age 

Were E\amincd 

dumber 

Pereentage 

010 

17 

0 

0 1 


11 20 

18 

0 

0 1 


2130 

54 

1 

1 83 

4 27 

3140 

69 

3 

4 34 


41 50 

70 

6 

7 89. 


51 60 

82 

8 

0 76 


6170 

58 

3 

517 

■848 

71 80 

24 

3 

12 5 , 


8190 

1 

0 

0 


Unknown 

1 

400 

0 

24 

0 

6 



Table 6 — DishtbuUon of TrichtneUa Infection According to Se^ and Color 


Total 

Males Infected Females Infected , * — 


Eace 

Males 

Exam 

ined 

Number 

^ 

Percent- 

age 

Females 

Exam 

ined 

! 

Number 

-A ^ 

Percent- 

age 

Number 

Exam- 

ined 

Number 

Infected 

Percent- 

age 

Infected 

White 

105 

6 

5 71 

59 

3 

5 08 

164 

9 

5 43 

Negro 

131 

S 

610 

105 

7 

6 66 

236 

15 

6 36 


— 


— 

— 

— 

— 

— 

— 

— 


236 

14 

5 93 

164 

10 

609 

400 

24 

6 


a Single person under 25 years of age No explanation can be offered 
foi the drop in the seventh decade A similar drop was found by Hall 
and Collins ^ m the eighth decade 

The distribution of tnchinella infection according to sex and color 
is shown in table 6 

The incidence in males (5 93 per cent) and that in females (6 09 
per cent) are close This is in agreement with the reports of McNaught 
and Anderson ^ and Hall and Collins,® who did not find any essential 
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difference m the incidence in these two groups Analyzing these 
figures and considering the incidence for white males, white females, 
Negro males and Negro females separatel), one finds the highest 
incidence in Negro females and the lowest in white females Hall 
and Collins ® also found the highest incidence in Negro females , the 
lowest incidence, however, thej found in Negro males They explained 
the sex difference (19 6 per cent m Negro females and 4 2 per cent 
in Negro males) by the fact that Negro females woiking as cooks 
are more exposed to infection through their tasting of raw and under- 
cooked pork and pork products while engaged in their tasks In the 
present series the number of those listed as cooks or servants is only 3 
While Negro people ma}: be less “tnchinella conscious,” they usually 
prepare their meat in a rather overdone manner, whereas white women, 
although they know more about the danger, like their pork lather 
underdone Since in this series no sea-going persons are listed, a group 
in which Hall and Collins showed the highest incidence among white 
persons, it is understandable that the high incidence found by these 
observers in white males is not matched in the present series The 
differences in the groups based on sex and color aie not enough to be 
significant 

Almost all of the 400 pet sons whose diaphragms and pectoral 
muscles were examined belonged to the group of low economic status 
Hall and Collins ® found an incidence of 9 6 pei cent in persons of 
high economic status and 14 6 per cent in persons of low economic status 
They explain the difference by the food habits in these groups If the 
ratio of incidence in their two groups is applicable to the incidence in 
the population of the New Orleans area, the 6 per cent incidence found 
in persons of low economic status corresponds to a 3 9 per cent incidence 
in the group of high economic status The 13 persons of high economic 
status examined m the present senes were not found infected 

Infection was found in 20 of 339 persons listed as natives of 
Louisiana, in 2 of 3 from Texas and in 1 of 4 whose nativity could 
not be ascertained None of the 3 persons from Germany, 3 from 
Italy, 2 from France, 1 from Ireland and 1 from Greece was found 
infected Since it is not known how long they lived in their native 
country and in this area, no significance can be attributed to this 
relationship of tnchinella infection and nativity 

INCIDENCE IN DOGS 

The diaphragms of 300 dogs were examined by the digestion 
method Larvae of T spiralis were recovered m 4 — an incidence of 
1 3 per cent All infections were light , only living larvae were founa 
— no calcified cysts 
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Brumpt^® mentioned that m 1913 Hjoitlund in Denmark found 
tricliinella infection in 0 4 per cent of dogs According to von 
Ostertagd^ the incidence among dogs in Geimany examined in 1904 
to 1934 was 0 2 per cent Yugawa in Manchuria found 14 tnchuious 
dogs among 179 street dogs of Liaoyang and Mukden in 1934 — an 
incidence of 7 97 per cent No surve}^ of dogs for tnchinellas seems 
to have been made previously in the United States 

INCIDENCE IN CATS 

The diaphragms of 90 cats were examined by the digestion method 
Nine cats were found infected — an incidence of 10 per cent Five of 
these cats were heavily infected, as shown by the number of recovered 
tnchinellas Only living laivae were found — no calcified cysts 

In Denmark Hjortlund found an incidence of 2 per cent in cats, 
m Rumania Cernaianu found an incidence of 8 per cent In 1937 
Ch’m found tnchinellas in the tongue of a cat in Mukden In the 
United States Riley examined 25 cats in Saint Paul, Minn , and found 

3 infected — an incidence of 12 per cent On another occasion he found 
1 cat infected among 5 examined, i e , an incidence of 20 per cent 
Riley concluded that cats play a considerable part in the perpetuation 
of endemics of T spiralis A surve}" of cats in order to ascertain the 
incidence of T spiralis in them and the possible importance of cats 
m the epidemiology of T spnahs does not seem to have been made 
In passing, it is of interest to note that the first infection of loner 
animals with T spiralis was found in cats by Herbst,’^® in 1845 

COMMENT 

Since the majority of the persons from whom the examined tissues 
came belonged to the group of low economic status, this senes does 
not represent a cross section of the population Following Hall’s ® 
ratio between the groups of low and high economic status, the 6 per 
cent incidence in this group of low economic status would correspond 
to a 3 9 per cent incidence m the group of high economic status , the 
incidence m the entire population could be computed as being between 

4 and 6 per cent Although Hininan " examined approximately the 
same group of the population, his positive findings indicated an incidence 

10 Brumpt, E Precis de parasitologic, Pans, Masson & Cie, 1936, p 1047 

11 von Ostertag, R Leitfaden fur Tnchinenschauer, ed 6, Berlin, Verlags- 
buchhandlung von Richard Schoetz, 1935, p 61 

12 Yugawa, T J Orient Med 21 88, 1934 

13 Cited by Brumpt 

14 Ch’in, Y T Chinese M J 51 500, 1937 

15 Riley, H A Ann de parasitol 6 477, 1928 

16 Herbst, cited by Staubli, C Trichinosis, Wiesbaden, J F Bergmann, 
1909 
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of 3 5 per cent as compared r\ith the 6 per cent r\hich is reported here 
If diaphragms alone had been examined, as in Hinman s senes 
the incidence reported here ould har e been 5 25 per cent The 
difference betii een 3 5 and 5 25 is probabh due to the larger amounts 
of muscle examined in the present stud} since Hinman used onh 
approximate!} 10 Gm of diaphragm He should therefore have found 
only those cases in v hich there v as at least 1 larva in 10 Gm or 0 1 
Ian a per gram of tissue Apphing this method to the present series, 
I find the incidence to be onh -t25 per cent a figure not far from the 
3 5 per cent reported b} Himnan Thus the data of the present 
investigation support Hinman s conclusion that the incidence of 
tnchmella infection in the Xew Orleans area is the low est in the United 
States so far as surve}s made up to the present show ^ 

The examination of dogs and especially that of cats showed that 
T spirahs is present in this area While man ma} acquire the infection 
aw a} from his home area cats, especially do not migrate far The 
incidence in cats therefore is considered a true index of endemiat} of 
tnchmella infection and an indication of the possibilit}- of human 
infection 

The conclusions to be drawn from these findings will be discussed 
in a subsequent paper on the epidemiologic aspects of tnchmella 
infection after the suney of the \anous hosts in the Xew Orleans 
area is completed 

SUMMA^RV 

Examination of human diaphragms and pectoral muscles obtained 
in four hundred routme unselected necropsies disclosed 24 cases of 
infection w ith T spiralis in the Xew Orleans area — an incidence of 6 per 
cent The compressor method detected 2 cases the digestion method 
24 Of the 23 cases m which both tlie diaphragm and the pectoral 
muscle were available the diaphragm was found infected in 20 cases 
or 87 per cent and the pectoral muscle in 13 cases or 56 5 per cent 
Sur\e}s in which diaphragms onh are examined would thus miss 13 
per cent of the cases The average number of laiwae of T spiralis 
found in the diaphragm w as 0 35 per gram the aA erage number in 
the pectoral muscle, 0 22 per gram The 'diapliragm is therefore, not 
onh qualitatively but also quantitatively the better tissue for 
examination Xo history of chnical s}'mptoms of trichmosis w as found 
m any of the 24 cases With increasing age the incidence of tnclunella 
infection increased The highest madence was found in Xegro females 
(6 66 per cent) , the lowest, m white females (5 8 per cent) 

The incidence of tnchmella infections in 300 dogs m the Xew 
Orleans area was found to be 13 per cent the incidence in 90 cats 
was found to be 10 per cent The incidence in cats is considered to 
ser\'e as an indicator of the endemicity of tnchmella infection m an area 



SCLEROSIS OF THE SUPERIOR VENA CAVA IN 
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It has been generally accepted ^ that peisistent local inciease of intra- 
aiterial pressure is a pnme cause of artenoscleiosis in both the greater 
and the lesser circulation Sclerosis of the veins in the couise of 
increased intravenous pressure of long duration has been less fre- 
quently described, largely because chi onically increased intravenous pres- 
sure IS lelatively uncommon 

While direct measuiements of the piessuie in the human superioi 
and mferioi venae cavae aie not available, it is well established that in 
patients suflfenng from chronic congestne heait failure the pressure 
in the peripheral veins may be greatly increased Since the pressure in 
these veins is tiansmitted diiectly from the heart, the pressuie in the 
venae cavae must also be elevated One of us (H G )■ demonstrated 
sclerosis of the inferior vena cava and of the hepatic veins in chionic 
congestive heart failure The purpose of this study was to determine 
whether similai changes occui m the superior vena cava 

REVIEW OF THE LITERATURE 

Moschcowitz ^ IS of the belief that increased tension is the sole cause 
of both artenoscleiosis and phlebosclerosis Ljungdahl ® as well as 
Miller^ leported the frequent occurrence of pulmonaiy ai tei losclei osis 
associated with hypertension of the lessei circulation occui ring in mitral 
stenosis The formei noted that in many of the cases the pulmonaiy 
veins also showed sclerosis He observed greatei scleiosis in the aiteries 
than m the veins and attributed the gieatei changes +o the higher pres- 

From the Medical and Laboratory Divisions of Montefiore Hospital 

1 Moschcowitz, E Am J M Sc 178 244, 1929, Phlebosclerosis of the 
Hepatic Veins, in Contributions to the Medical Sciences in Honor of Dr Emanuel 
Libman by His Pupils, Friends and Colleagues, New York, International Press, 
1932, vol 2, p 857 

2 Gross, H Arch Path 23 457, 1937 

3 Ljungdahl, M Untersuchungen uber die Arteriosklerose des klemen 
Kreislaufs, Wiesbaden, J F Bergmann, 1915 

4 Miller, HR M Om North America 9 673 1925 
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sure within the arteries as well as to iiutiitional distuibances He called 
attention to the similarity of phlebosclerosis to arteiiosclerosis and noted 
the relationship between the degree of increased tension within the lumen 
and the degree of dilatation of a vessel While Kaya ® noted the frequent 
association of phlebosclerosis and chionic stasis, he doubted that con- 
gestive heart failure alone could cause phlebosclerosis in young persons 
Schilling® also observed phlebosclerosis at sites of increased pressure 
and reported that in a series of 75 cases phlebosclerosis was due to con- 
gestion in 33 Waaler" obseived hyaline plaques in the superior vena 
cava and in the right auricle He regarded them as repiesenting either 
the final and healed stage of lesions of acute rheumatic fever or sclerosis 
from long-standing heart disease Allen and Page,® however, denied 
that sclerosis of the inferior vena cava occuired secondary to chronic 
congestive heart failuie 

Sack® was of the belief that phlebosclerosis is pait of a generalized 
vascular disease Schilling ® and Simmonds,’^® however, insisted on the 
independence of phlebosclerosis from arteriosclerosis Plauswirth and 
Eisenbeig^^ regarded phlebosclerosis as a disseminated piocess found 
frequently in association with peptic ulcers 

In portal cirrhosis, in which the dynamic factor of increased intra- 
venous pressure is present, Simmonds recorded sclerosis of the poi tal 
vein Lessen^- reported sclerosis of the portal, splenic, mesenteric and 
coronary veins in portal cirrhosis with hepatosplenomegaly Mclndoe 
demonstrated scleiosis of both the portal system and the hepatic veins in 
portal cirrhosis 

Carrel found scars m arteriovenous anastomoses, especially at 
points where the cahbei of a vessel changed The vein reacted to the 
arterial pressure by increase in thickness and strength of its wall, 
observed histologically to be the result of hypertrophy Reid was of 
the opinion that the altered intravascular pressure was responsible for the 
final atiophy of the artery and hypertrophy of the vein Callander^® 
noted increasing dilatation of the veins m arteriovenous fistulas, due 

5 Kaya, R Virchows Arch f path Anat 189 466, 1907 

6 Schilling, W Virchows Arch f path Anat 262 658, 1926 

7 Waaler, E Am J Path 13 855, 1937 

8 Allen, E V, and Page, I H Deutsches Arch f khn Med 168 193, 1930 

9 Sack, G Virchows Arch f path Anat 112 403, 1888 

10 Simmonds, M Virchows Arch f path Anat 207 360, 1912 

11 Hauswirth, L, and Eisenberg, A Arch Path 11 858, 1931 

12 Lossen, J Mitt a d Grenzgeb d Med u Chir 13 752, 1904 

13 Mclndoe, A H Arch Path 5 23, 1928 

14 Carrel, A Technique and Remote Results of Vascular Anastomoses, in 
Studies from the Rockefeller Institute for Medical Research, 1912, vol 15, no 27 

15 Reid, M R Am J Surg 14 17, 1931 

16 Callander, C L Johns Hopkins Hosp Rep 19 259, 1920 
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m his opinion to the rise of venous pressure from passage of arterial 
blood through the sac Kaufinann described sclerosis of the walls of 
varicose veins Benda reported similar changes and observed intimal 
thickening, deposition of fibrous tissue, muscular atrophy, new formation 
of elastic tissue and connective tissue infiltration within and between 
the muscle bundles of the media of veins 

ANALYSIS or MATERIAL 

Before proceeding with the presentation of our findings it is advis- 
able to discuss briefly the structure of the normal superior vena cava 
As Franklin ably pointed out in his excellent monograph on the veins, 
no true understanding of the histology of these vessels can be obtained 
without a consideration of their function and location 

The superior vena cava, owing to its laige blood flow, its low venous 
pressure and the support afforded by the mediastinal structures, is a 
large thin-walled vein Its endothelial lining merges impeiceptibly 
with that of the right auricle The intima is narrow and rests on a 
narrow network of intei lacing elastic fibers Collagen occuis in spirals 
m the superior vena cava and in vessels that vary in length The well 
developed circular muscle in the media and adventitia of the inferior 
vena cava and in the veins of the lower extremities as compared with 
the thinner-walled veins of the upper parts of the body, which are pool 
in muscle fibers and collagen, is definitely i elated to greater internal 
pressure in the former vessels The function of the circular elastic 
fibers is to accommodate sudden increases in content The longitudinal 
elastic fibers prevent collapse of vessels of low internal piessure 
Sparsely scattered individual smooth muscle fibers are found in this 
layer The rather wide and loosely constructed ad\entitial layer sur- 
rounds the media, and in the outer portions of this layer are seen bundles 
of cardiac muscle These fibers, which no doubt give support to the 
vessel wall, ascend in a spiral direction for vaiiable distances along 
the vein 

The superior venae cavae from 21 persons with chionic congestive 
heart failure were examined post mortem As control material the 
venae cavae from patients who during life and at neciopsy showed no 
evidence of cardiac insufficiency or cardiac disease were used 

Tissue was taken at a point within 3 cm of the junction of the superior vena 
cava with the right auricle The gross appearance of the wall was noted, and 

17 Kaufmann, E Lehrbuch der speziellen pathologischen Anatomie, Berlin, 
W de Gruyter & Co , 1922 

18 Benda, C , in Henke, F , and Lubarsch, O Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1924, vol 2 

19 Franklin, K J A Monograph on Veins, Springfield, 111, Charles C 
Thomas, Publisher, 1937 
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the material was fixed accoiding to standard technics Histologic sections 6 
microns thick were stained with hematoxylin and eosm and with Veihoeff’s elastic 
tissue stain and Van Gieson’s stain The sections were then examined without 
knowledge of the clinical diagnoses, in order to remove any prejudicial factor 

Of the 21 patients with chionic congestive heait failure, 14 were males and 7 were 
females, the ages ranged from 47 to 70 yeais No attempt was made to select 
material from those in whom congestive heart failure was due to any particular 
etiologic agent The causes of congestue heart failure in these patients were 
hrpertensive cardio\ascular disease in 15, arteriosclerotic caidiovascular disease m 
2, rheumatic cardiovascular disease in 2 and cor pulmonale cardiovasculai disease 
m 2 The duration and severity of the congestive heait failure in 21 of these 
patients are given in the table 

The superior venae cavae from 2 persons with hypertensive cardiovascular 
disease and 1 person with subacute bacterial endocarditis were examined also 
Of the former one died following coronary thrombosis , the other died of a cerebral 
insult None of these suffered from congestive heait failure 

The venae cavae from 8 persons not dying of caidiac diseases weie also 
examined The diagnoses in this group were chronic pulmonary tuberculosis in 5, 
status asthmaticus in 1, generalized sarcomatosis m 1 and Kaposi cell saicoma in 1 
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DATA 

Supoio} Venae Cavae fiom Gioup with Chionic Congestive Heait 
Failine — Macroscopic changes tveie found in only 2 of the 21 supeiioi 
venae cavae examined One of these was fiom a person with moderate 
congestive failuie of eight months’ duiation, the othei was fiom a 
person with multiple myocaidial infaiction and severe failure of seven 
years’ duration The alterations in each vein consisted of slightly 
laised yellowish plaques, varying in size from 0 5 to 2 cm in diametei 
Microscopically, these areas were composed of definite accumulations 
of loose connective tissue separated by lathei wide tissue spaces, which 
in the latter vein were infiltrated by numerous small round cells 

Microscopic intimal alterations were observed in 18 of the 21 veins 
In 4 theie was slight thickening of this layer, while in the lemaimng 
14 model ate to maiked thickening was present The thickening was 
largely the result of an inciease in collagenous connective tissue In 
6 veins smooth muscle elements were also found in the thickened intima 
In addition to the plaques described, a microscopic plaque composed 
of an acellular homogeneous hyaline substance v^as found in a vein 
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from a patient with hypertensive cardio\ascular disease and diabetes 
who had suffered from progressively seveie congestive heart failure for 
two years Finally, a small connective tissue scar was found m a vein 
from a patient who had chronic rheumatic heart disease with severe 
congestn e failure of four years’ duration The scar was infiltrated with 
small round cells, but no Aschoff bodies weie found Whether this 
scar lepresented the terminal healed phase of an Aschoff body or was 



Fig 1 — A, marked intimal and medial hypertrophy m the superior vena cava 
of a man of 64 years with hypertensive heart disease and moderate congestive 
heart failure of eight months’ duration, X 100 B, thickening of the intima, 
splitting and reduplication of the elastica and hypertrophy of the media due to 
dense deposits of collagen and hyperplasia of the smooth muscle cells in the superior 
vena cava of a woman of 73 years with hypertensive heart disease and known 
congestive heart failure of three months’ duration, X 100 C, raised intimal 
plaque with round cell infiltration and medial hypertrophy in the superior vena 
cava of a man of 57 years with severe hypertensive heart failure of seven years’ 
duration , cardiac muscle is present in the adventitia , X 200 

a sclerotic patch due to chronic congestive heart failure cannot be stated 
Alterations in the internal elastic layer were observed in 10 veins These 
changes consisted chiefly of thickening, splitting and reduplication of 







Fig 2 — A, medial hypertrophy, with a large amount of collagen and large 
numbers of fragmented smooth muscle cells, and ingrowth of elastica m the superior 
vena cava of a man of 51 years with severe hypertensive heart failure of six years’ 
duration, X 240 B, marked medial hypertrophy due to marked hyperplasia of 
smooth muscle cells and collagen in the superior vena cava of a man 61 years old 
with diabetes and hypertension and progressively severe congestive heart failure of 
two years’ duration , X 200 


of the media was marked m 11 instances, moderate in 6 and absent in 
the remaining 4 In some cases collagenous fibers were arranged in 
an irregularl}^ fragmented bizarre fashion suggesting old scars Smooth 
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muscle fibeis were found m the media of 19 of the sections studied In 
12, the muscle cells weie found in abundance, while in the other 7 they 
weie scattered and few 

In 17 of the 21 veins the increase in the muscle hbers was coincident 
with hypertiophy of the media Although in the remaining 4 veins 
there was no increase m thickness of the media, other significant changes 
were present Marked intimal changes weie found in 3, and scattered 
or numerous smooth muscle cells were present in 2 others Combined 
medial and intimal changes occuiied in 14, combined medial and elastica 
alterations occurred in 8 Intimal thickening and elastica changes were 
combined in 9 veins and in only 7 were alterations in all thiee layers 
seen It is noteworth}'’ that no vein in this group demonstiated changes 
in less than two layers 

Superior Venae Cavae fioin Gioup Not Ha-aing Congestive Heait 
Faihue — Macioscopic changes were found in none Slight thickening of 
the intima was noted m the superior venae cavae from a patient with 
hypertension, a patient with rheumatic heait disease and subacute bacterial 
endocarditis and a patient with pulmonar}'- tuberculosis and h}pertrophy 
of the right ventiicle Moderate thickening of the intima occurred in 
but one vein in this group, that of a patient with hypertension Splitting 
or reduplication of the elastica was found in the veins of 2 patients 
with pulmonai}^ tuberculosis, 1 of whom had hypertrophy of the 
right ventricle The media was moderately hypertrophied in 2 veins 
and markedly hyperti opined m 2 others The lattei weie, respectively, 
from a patient with Itypertension who died in status asthmaticus of acute 
failure of the right side of the heart and from a patient with subacute 
bacterial endocaiditis engrafted on rheumatic mitial disease who at 
necropsy was observed to have chronic passive congestion of the liver 
and spleen The vein of the latter showed also a round cell infiltration, 
so that it is possible that the findings represent the end stage of an 
Aschoff body in a vein 

Muscle fibers were obser\ed in the media in 5 veins In 3 veins 
(1 from a patient with pulmonaiy tuberculosis and h 3 fpertrophy and 
dilatation of the right side of the heart and 2 from patients with hyper- 
tension) the muscle cells were few A large numbei of muscle cells 
was present in the media of a vein from a rheumatic patient with 
chronic passive congestion of the liver and spleen and in that of a 
tuberculous patient, both patients showed hypertrophy and dilatation 
of the right side of the heart 

In summar}^, m this group, involvement of the superioi vena cava 
was minimal, none showing significant hypertrophy of the intima or 
media In no single instance of the 11 were changes found in all the 
lavers of the vein Furthermore, in those in which definite hypertrophy 
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or sclerosis of the supeiioi vena cava was noted there was increased 
tension in the light side of the heart due eithei to pulmonary tuberculosis 
and fibiosis, hypertension or mitral stenosis The alterations were less 
marked and occuried as isolated phenomena in some of the superior 
venae cavae of the group not in congestive failure It is striking that 
even in those instances m which there was increased tension m the 
light side of the heait the degree of hypertrophy and sclerosis of the 
supeiior vena cava never equaled m extent and severity that seen in 
cases of chionic congestive heart failure 

COMMENT 

Persistently increased tension in the vascular tree is generally 
accepted as the prime cause of vascular sclerosis The order of sclerosis 
of the circulation may be listed as (1) arteriosclerosis of the greater 
circulation, (2) artenoscleiosis of the lesser circulation, (3) sclerosis 
of the venous system and (4) localized arteriosclerosis or phlebo- 
sclerosis This order corresponds to the frequency of increased 
intravascular tension of the different parts of the circulation In a 
given case it is not unusual, however, to see isolated phlebosclerosis 
m association with varicose veins of one leg or marked pulmonary 
arteriosclerosis or phlebosclerosis associated with mitial stenosis in a 
young person though the greater circulation is essentially intact 

It is well known that the tension in the superior vena cava is usually 
at or below zero and is raised above zero only in exceptional circum- 
stances In conditions in which the venous pressuie in the liver is 
increased, as in portal ciirhosis, sclerosis of the hepatic veins is a 
common finding In congestive heart failure the hvei acts as a reservoir 
for the ovei loaded lungs Consequently the hepatic veins and the 
superior and inferior venae cavae are chronically distended As in 
sclerosis of the pulmonary artery and vein in pulmonary hypertension 
from mitral stenosis, the conditions m which there is chronic inciease 
of tension in the hepatic veins are associated with phlebosclerosis of 
a high degree The occurrence of phlebosclerosis at such sites of 
increased venous pressure favors the view that venous sclerosis also 
IS due to increased tension in the vessel wall Though phlebosclerosis 
is less common than arteriosclerosis, it is significant that in conditions 
in which venous pressure is increased over a long time phlebosclerosis 
occurs with great constancy 

In our material, though the degiee of sclerosis of the superior vena 
cava paralleled roughly the degree of increased tension m the vessel 
wall, no exact coi relation could be observed between either the severity 
or the duration of congestive heart failure and the degiee of phlebo- 
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sclerosis In some cases mild congestive failure or failure of short 
duration was observed with severe phlebosclerosis, while in others in 
which failuie of either severe or long duiation was noted, phleboscleiosis 
was relatively slight The same fact holds, however, for hj^pertension 
of the greater or lesser circulation and aiteriosclerosis In these con- 
ditions theie IS also no exact con elation between vascular damage and 
the duration of increased tension In anothei study " no exact correla- 
tion was possible between the degiee of failure of the right side of 
the heait and the degree of associated scleiosis of the hepatic veins and 
infeiior vena cava It is possible that this disparity is due to varying 
degrees of anoxemia oi to metabolic causes 

There is great similarity between arteriosclerosis and phlebosclerosis 
both in pathogenesis and in morbid anatom}'^ In arteriovenous aneurysm 
and fistula and m experimental aiteriovenous anastomosis it may be 
shown that when the vein is put under increased tension oi required 
to do increased work Itypei trophy of its Avail occuis Eventually, atrophy 
of Its wall OCCUIS from nutritional impairment In our findings the 
deAelopment of hypertrophy of the intima and of the smooth muscle 
of the media followed by atrophy supports the view of a similar 
mechanism The vieAv that the changes observed were due to increased 
tension from congestn^e heart failure is further supported by the fact 
that in the cases in which there Avas no failure the alterations Avere 
less marked or Avere isolated phenomena It is significant that even 
in cases in Avhich there was increased tension m the right side of the 
heait without failure the hypei trophy and sclerosis of the supeiior 
A^ena caA’^a neA'^ei equaled in extent or seAerity such impairment in cases of 
congestive heart failure Since the degiee of hypertiophy and sclerosis 
of the supeiior A'^ena cava A^aried roughly m i elation to the degiee of 
inci eased tension of the right side of the heart, both the hypertrophy 
of the wall of the vein and its ultimate degeneration in congestwe heart 
failuie of long duration may be looked on as a lesponse to increased 
tension 

SUMMARY 

The superior venae cavae of 21 peisons shoAving chronic congestive 
heart failure were studied and compared with those of a group showing 
hypertrophy of the right side of the heart Avithout failuie and with 
those of another gioup in whom theie Avas no cardiac lesion at all 

In persons Avith chronic congestiA'^e heart failure associated with 
inci eased tension m the right side of the heait and m the supeiior 
A^ena cava, sclerosis of the superior A^ena caAa is a common finding 

Histologically, the sclerotic process in the superior A’^ena cava is 
characterized by hypertiophy of all the coats of the vein, most marked 
in the musculai layer of the media These alterations are thickening 
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and seal ling of the intmia, splitting and reduplication of the internal 
elastic membrane and widening of the media with hypertrophy of the 
muscle cells and increase of collagen Eventually, fiom increased 
tension and impairment of nutrition, fiagmentation and replacement of 
muscle fibeis occur 

Involvement of the supeiior venae cavae from peisons not having 
congestive heart failuie was slight and infrequent, and m not a single 
vein were all the coats of the vessel involved Medial hypertrophy, 
which was so constant and maiked in the superior venae cavae of the 
group who died in congestive heait failure, was an infrequent occurrence 

Phlebosclerosis and arteriosclerosis aie similai in morbid anatomy 
and pathogenesis The pathogenesis of sclerosis of the superior vena 
cava appears to be in prolonged increase of intravasculai pressure 



EFFECT OF EXPERIl^ENTAL NEUTROPENIA ON 
THE HEALING OF WOUNDS 
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In a previous study ^ on a serum toxic to polymorphonuclear 
neutrophil leukocytes, it was shown that these cells could be greatly 
diminished in number or totally eliminated from the peripheral blood of 
guinea pigs Repeated daily doses of increasing amounts of the anti- 
serum maintained this condition for several days, after which a gradual 
increase m the number of the neutrophils occurred 

This finding led to speculation on the effect such neutropenia would 
have on the healing of wounds Neutrophils are seen in large numbers 
about any area of injuiy to tissue, which has led some observers to 
believe that they play a part in the healing process The object of our 
study was to test this hypothesis 

METHODS 

Guinea pigs were used Under aseptic precautions an incision was made through 
all layers of the abdominal wall and the edges of the wound were reapprovimated 
using 000 plain catgut for the peritoneum and fascia recta and silk for the skin 
Visceral wounds were tried, particularly wounds in the stomach, but were not is 
satisfactor}"^ as wounds in the abdominal wall In one series the incisions were 
contaminated with Staphylococcus aureus in order that we might observe healing 
in the presence of infection 

After the animals were killed, an effort was made to determine the degree of 
healing with a machine testing tensile strength, but the wounds separated so easily 
that often no record could be obtained , hence these results were unreliable The 
wounds were then ruptured with air pressure by slowly inflating the peritoneal 
cavity A mercury manometer in the circuit gave the tension required for dis- 
ruption Microscopic sections were made through all layers of the wounds 

* Aided in part by a grant from the Committee on Scientific Research of the 
American Medical Association 

From the departments of medicine and surgery of the University of Rochestei 
School of Medicine and Dentistry 

1 Chew, W B , Stephens, D J , and Lawrence, J S J Immunol 30 301, 

1936 
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The antileukocytic serum was prepared, sterilized and standardized by the 
methods described It had been found that a dose of 0 5 cc , given intraperitoneally, 
was sufficient to produce neutiopenia, so this amount was given as the initial dose 
to the majority of the animals The dose was increased daily by amounts sufficient 
to keep the number of the neutrophils at a low level In approximately one-half the 
animals, the initial injection of the antiserum w'as on the morning of opeiation, but 
m the majority of the other animals the initial injection was on the day pieceding 
operation In 2 instances, the administration of antiserum w'as begun tw'o davs 
before operation In every instance, following the injection of the initial dose 
injections w^eie given daily 

Sufficient white blood cell counts, total and diffeiential, were made prior to 
operation to establish the normal values for each animal Following operation, 
daily total and differential counts w'ere made until the animal was put to death 
The table gives the actual number of polymorphonucleai neutrophils prior to 
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G Comment 

Injections begun day before operation 
Injections begun day before operation 
Injections begun day of operation 
Injections begun day of operation 
Injections begun day before operation 
Injections begun day of operation 
Injections begun day of operation 
Injections begun day of operation 
Injections begun 2 days before operation 
Injections begun day of operation 
Injections begun day of operation 
845 Injections begun day of operation 
273 Injections begun 2 days before operation 
Injections begun day of operation 
Injections begun day before operation 
(infected) 

Injections begun day before operation 
Injections begun day before operation 
Injections begun day before operation 


* Figures m this column represent those obtained for each animal in the last determination 
prior to the injection of antiserum 


operation and on each day after operation While there are a few exceptions, ’t 
will be noted that the level of neutrophils was kept very low following operation 
Such neutropenia is difficult to maintain longer than six days owung to the fact 
that the amount of antiserum lequired to produce it increases piogiessively with 
each day Accordingly, observations were not carried beyond this length of time 
It IS felt that this period is sufficient for observation of the essentials of the healing 
process but of course not for following it to its completion - 


RESULTS 

Forty-two guinea pigs weie used, half of these were given antiserum 
and the remainder weie used for contiols 

One senes of 34 animals, 17 of which had been lendered neutropenic, 
rveie operated on under aseptic precautions The gross appearance of 
the wounds of the treated guinea pigs did not differ from those of the 


2 Harvey, S C Arch Surg 18 1227, 1929 
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untreated animals The tensile strength as measuied by the air pressure 
required to disrupt the wounds varied over wide limits The average 
disrupting force was 132 mm of meicuiy for the neutropenic and 



Fig 1 — Photomicrograph of an infected wound in a normal control guinea pig 
Note the accumulation of large numbers of polymorphonuclear neutrophils 


196 mm for the control animals The difference was not considered 
significant in this small group 

In judging repair, the greatest reliance was placed on the histologic 
appearance of the healing process This was quite different in the two 
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groups, the striking contrast h ing in the reduction or absence or 
neutrophils n the treated animals 'i\hich ncYertheless, had as much 
fibrohlactic proliferation as the controls Fibroplasia and repair occurred 



Fig 2 — Photomicrograph of an infected v ound in a neutropenic guinea pig 
No pohunorphonuclear neutrophils are present. 


equally well in the presence or in the absence of poh morphonuclear 
leukoct'les in the wounds 

A few of both the treated and the control animals showed occasional 
bacteria in the tissues, though there was no gross etidence of infection 
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in any of the wounds in these animals The appearance differed here 
also, for in the neutropenic guinea pigs theie were fe\\ if any leukocytes 
about the bacteria, while the contiols showed the usual defense reaction 
of aggiegations of polyraoi phonuclear cells This led to a trial of 
deliberate infection of the wounds with Staph auieus at the time of 
opeiation in 8 guinea pigs These neutropenic animals had little defense 
against this insult With but a single exception, they presented diffuse 
cellulitis of the abdominal wall, injection of the peritoneum and hemor- 
rhagic discharge from the wounds The microscopic appearance of the 
tissue was not unlike postmoi tern degenei ation w ith neci osis of tissue — 
many bacteria but few cells The control animals responded m the usual 
way, ^Mth localization of the infection to foim an abscess in ^^hlch were 
found masses of leukocytes 

COMMENT 

It appears fi oni the results stated that the pol} morphonuclear 
neuti ophil plays a part m the repaii of ounds only so far as it helps to 
combat suppuration The essential feature of repair is fibroplasia, and 
this process is apparentl} independent of the neutrophilic leukocyte 
This indirectly supports the concept that the fibi oblasts may originate 
by metaplasia from the lymphocytes or macrophages 

Some histologists have thought that the polymorphonucleai leuko- 
cytes liquefied the fibrin in the wound and so paved the way foi ingrowth 
of fibroblasts In this way they were considered an essential factor in 
the reparative process This is apparently incorrect, for fibroplasia 
progressed noimally when there were few if any neutrophils in the 
wounds 

It IS worthy of comment that guinea pigs with so few neutrophils 
as reported in this paper did not contract gioss infection during the 
period of observation That they weie more susceptible to infection 
than normal animals was shown by the response to virulent cultures of 
Staph aureus put into the wounds However, with aseptic technic the 
wounds did not get infected Furthei, we have never noted oral, perianal 
or other types of spontaneous infection in guinea pigs kept neutropenic 
for varjnng periods This indicates that the neutropenic guinea pig ‘is 
less susceptible to infection than the neutropenic human subject 

SUMMARY 

Healing of aseptic wounds m guinea pigs has been shown to be 
unaffected by the presence or the absence of neuti ophils 

In neutropenic guinea pigs that have septic wounds there is marked 
inability to cope wnth the healing process 
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Since the beginning of knowledge of hepatic cirrhosis, the subject 
has been in turmoil Major ^ gave ciedit to John Brown for being 
the first to describe a cirrhotic liver, in 1685 Brown - at neciopsy on 
a patient with maiked ascites noted the “glandulous appearance” of the 
liver He illustrated this description with a picture of a coarsely nodular 
liver Laennec ^ introduced the term “cirrhosis of the liver” in 1826 
It IS of particular interest that he recognized that “this type of giowth 
belongs to the group of those which are confused under the name of 
Scirrhus I believe we ought to designate it with the name of cirrhosis, 
because of its color ” In addition he stressed the fact that there was 
progressive atrophy and observed that similar changes occurred in 
other organs Webster’s “New International Dictionary” derives the 
term “cirrhosis” from the Greek word ktuhos, meaning oiange colored 
It IS not strange, but it is confusing and unfortunate, that in general 
“cirrhosis” has become almost synonymous with “fibrosis ” Kaufmann ^ 
observed that “cirrhosis,” meaning yellow, was a name applied first to 
the contracted liver and that later it was applied generally to organ- 
shrinking processes which are accompanied by more or less formation 
of connective tissue, such as cirrhosis of the lung or of the kidney, 
and that the color was then ignored 

Even as the original description of hepatic cirrhosis offers little 
help in defining the disease, so the current conceptions of the disease 
differ too widely to be of any help Mallory ® applied the term “cir- 

From the Section on Pathologic Anatomy, the Mayo Clinic (Dr Robertson) 

* Fellow in Medicine of the Mayo Foundation at the time this work was done 

1 Major, R H Classic Descriptions of Disease, Springfield, 111 , Charles C 
Thomas, Publisher, 1932, pp 597-602 

2 Brown,! Phil Tr Roy Soc, London 3 248,1685 

3 Laennec, R T H Traite de I’auscultation mediate et des maladies des 
poumons et du cceur, ed 2, Pans, J S Chaude, 1826, vol 2, pp 187-197 

4 Kaufmann, E Pathology for Students and Practitioners, translated by 
S P Reimann, Philadelphia, P Blakiston’s Son & Co, 1929, pp 921-928 and 
954-955 

5 klallory, F B Bull Johns Hopkins Hosp 22 69, 1911 
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ihobib” “to all scleiosed conditions of the liver, whethei piogressive 
or not, in which desti action of liver cells is associated with real or 
apparent inciease of connective tissue” Emphasis is clearl)' laid on 
parenchymal destiuction and fibiosis 

Rossle “ stated that “it can be said that liver ciri hosis is due to three 
mam factois destruction of hvei tissue, scar tissue formation and 
compensatoiy hypeiplasia, or i egeneration, respectively, and therefoie 
in spite of vaiious etiologic factois and different appearances it might 
be considei ed a disease entity ” The prominence of these individual 
featuies varies m the difteient ty'pes of “cirrhosis” In his discussion 
he stressed the fibrosis and parenchymial damage He recognized that 
paienchymal regeneration may'’ occur but did not lequne its presence 
Eppingei ■ quoted Rossle fiequently and apparently endorsed his 
opinion 

Kaufmann,'* speaking of the common atrophic cirrhosis of the liver, 
stated that “this foim of chronic hepatitis depends on a marked con- 
nective tissue development with destiuction of considei able hvei tissue” 
He furthei added that paienchymal hypeiplasia, even nodular oi adenom- 
atous in charactei, may occui in some cm hoses 

Bell® stated that “cnihosis (of the liver) is a ^ely slowly progiess- 
ing degeneiatne and reparative piocess, apparently inflammatory in 
natuie, imohing the entne oigan and characterized b)’^ a definite inciease 
of the poital connective tissue w'lth or without an increase of the 
intralobulai connective tissue ” In his discussion of the microscopic 
featuies of portal ciirhosis he furthei stated that “the piohferation of 
these stiuctures (the newdy foimed bile ducts) is at times so extensive 
as to pioduce lounded, grossly visible, pale nodules, the so-called 
adenomata ” He gave credit to both the interlobular bile ducts and 
the paienchymal remnants foi the foimation of the parenchymal 
nodules 

MacCallum ® defined cirrhosis of the liver as “a teim applied to an 
extensive diffuse scaiiing of the Inei which has follow’^ed the destruc- 
tion of much of the hvei substance It is regulail}'’ accompanied by 
widespread regeneration of the functional liver tissue, usually sufficient 
to prevent the appearance of any'^ signs of hepatic insufficiency’’” In 

6 Rossle, R Entzundungen der Leber, in Henke, E , and Lubarsch, 0 
Handbuch der speziellen pathologischen Anatomie und Histologie, Berlin, Julius 
Springer, 1930, vol 5, no 1, pp 284, 286-313, 376-405 and 429-452 

7 Eppinger, H Die Leberkrankheiten Allgemeine und spezielle Pathologie 
und Therapie der Leber, Berlin, Julius Springer, 1937, pp 121, 148 and 571-598 

8 Bell, E T A Text-Book of Pathology, ed 3, Philadelphia Lea & Febiger, 
1938, pp 688-695 

9 AlacCallum, W G A Text-Book of Pathology, ed 6, Philadelphia, W B 
Saunders Compan^, 1936, pp 304-316 
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his discussion of the microscopic features of diffuse nodular cirrhosis 
(Laennec’s cirrhosis) he stressed the disruption of the lobular archi- 
tecture by nodulai hyperplasia He further stated that “although 
many conflicting views have been held, it seems clear that the injurious 
agent effects the destruction of the liver cells in the first instance, and 
that the scarring and the hypeiplasia of the epithelial remnants are 
reparatory processes ” 

From these brief lefeiences to seveial authoiities it is clear that 
a definition of hepatic cirrhosis acceptable to all is difficult to find 
There is general agieement that parenchjmal destiuction and scarring 
must be piesent Theie is less agieement on the impoitance of paren- 
chymal repair When only parenchymal destiuction and scarring are 
required by definition of hepatic ciiihosis, it is difficult to lule out 
certain conditions recognized as not generallj deserving of the designa- 
tion “hepatic cirrhosis ” 

Many agents often pioduce obvious paiencbjmal destiuction and 
at least an apparent increase m connective tissue Of the chemical 
agents, cmchophen may be mentioned, and of the physiologic distur- 
bances, severe chronic passive congestion, hyperth}’’! oidism and even 
biliary obstruction may be mentioned Howe\ei, these factors are not 
regarded as frequent causes of cirrhosis of the hvei The ill defined 
yellow atrophy of the hvei is not and should not be classified ordinal ily 
as hepatic cirrhosis, although parenchymal destiuction and an apparent 
increase in connective tissue aie commonly present 

In brief, a definition including simply paienchjmal destruction and 
scarring seems too bioad Such a definition appaienth includes lesions 
which it does not seem justifiable to classify under hepatic ciiihosis 
Hence, for the purpose of this study, hepatic cirihosis is defined as 
including parenchymal degeneiation, fibiosis and nodular parenchymal 
repair 

In this investigation the primar} interest lies, not in the general 
subject of hepatic cirrhosis and the multiple subtypes of this disease, 
but in the subject of so-called biliaiy cnihosis This term, fostered 
by the French, has gamed some recognition m Geimany and is fre- 
quently used by pathologists and clinicians on this continent The 
features of biliaiy ciiihosis will be presented subsequently, but it may 
be said here that clearly this type of disease of the liver as usually 
desciibed is to be excluded accoiding to the foiegoing definition of 
hepatic cirrhosis 

The definition of hepatic ciiihosis given seems m accoid with the 
views of MacCallum ® Howe\ er, in his discussion of obstructive biliary 
“cirrhosis” he did not mention paienchymal lepair One can hardly 
say that he suggested it may occur when he stated “Appaiently in 
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the cases of longest duration (prolonged biliary obstruction) a great 
deal more distortion of the liver may occur, but it does not approach 
that seen in the previous type (diffuse nodular cirrhosis) ” 

LITERATURE 

General interest m the possibility of hepatic cirrhosis following 
bihar}'^ obstruction received its mam impetus from the clinical and 
expel imental obseivations of Charcot and Gombault and Charcot 
The}'^ postulated cirrhosis of biliary origin in contradistinction to that 
of portal origin However, the foundations foi their postulate had 
been laid by the reports of Jones,^’ Wyss,^^ Leyden,^^ Mayer,^'‘ Green 
and Legg The earlier cases weie leviewed by Mangelsdorf and 
Ford,^® but since then a vast literature on the subject has accumulated 

Pure bihar}^ stasis has been regarded as sufficient to produce “biliary 
cirrhosis” by Quincke,^® Richardson,*® Ogata,-^ Lieber and Stewart," 
AlacMahon and Malloi}' and others Litten,-'* Nasse,-® Ford,^® 
Rossle ® and others have emphasized the importance of infection or 
inflammation within the biliary tract in the production of this disease 
Beloussow,"® Rolleston,-' and Eppinger " were not convinced that biliary 
obstruction resulted in cirrhosis m man Senator,*® Ford ^® and Kauf- 
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man.-® lecognized obstructive “biliary ciirhosis” and stated that biliaiy 
obstruction m man may lead to later hepatic shrinkage oi atrophy 
Janowski held that death would occur before hepatic contraction 
resulted Judd and Counseller, Greene and Ins co-woikeis®® and 
\'Veir and Snell found what they called obstructive biliaiy ciiihosis was 
more frequently associated with benign than with neoplastic ohstiuctive 
biliary lesions 

Numerous investigators have credited the experimental ligation of 
the extiahepatic bile ducts with the pioduction of “biliary cirrhosis,” 
as did Charcot and Gomhault,^® Hailey and Barratt,®* Richaidson,®® 
Ogata, Rous and Laiimore,®® MacMahon, Lawrence and Haddock,®® 
Moon ®“ and others Similar procedures studied by Litten,®'* Gerhardt,®® 
Cameron and Oakley,®® Bollman and Mann and others were not specif- 
ically inteipreted as producing “biliary ciiihosis” Quincke,’^® Ogata 
and Zypkm'*^ were reluctant to apply such coirclusions from animal 
experimentation to man, whereas MacMahon and Mallory ®® rvere 
inclined to regard the results in man and animals as essentially similai 
Of particular interest is the report of Snell, Greene and Rowntree 
in which they described ascites, extensive collateral ciiculation and 
inonolobular hepatic fibrosis occurring m 2 dogs after piolonged liga- 
tion of the common duct 

Perhaps the most comprehensive recent review of the subject of 
“biliary cirrhosis” is that of Rossle® He lecognized cholostatic “biliary 
cirrhosis” (due to pure stasis of bile), the moie fiequent cholangitic 
“biliary cirrhosis” (due to bile stasis with superimposed infection) and 
the infrequent cholangiohtic “biliary cirrhosis” (due to toxic alterations 
of the smallest bile ducts) 
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Several series of necropsies have demonstrated that so-called biliary 
cirrhosis following obstiuction of the bile ducts is relatively infrequent 
Ophuls reported the incidence to be 0 43 per cent , Mallory/^ 0 29 
per cent, and Schumacher,^® 0 40 per cent 

MATERIAL AND METHODS 

The cases in this series were chosen from the necropsy material of the section 
on pathologic anatomy of the Mavo Qinic covering the period from July 1, 1922, 
to June 30, 1938, inclusive During this time there were 8,986 necropsies, covering 
all age groups 

Only those cases were selected in which necropsy showed biliary obstruction 
and obstructive jaundice A group of 244 cases (2 7 per cent of the total number 
in which necropsy records were available) fulfilled these requirements The records 
of these cases were reviewed, particular attention being given to (1) the course 
of the jaundice, (2) any clinical suggestion of antecedent hepatic parenchymal 
disease, (3) the gross appearance of the liver and biliary tract and (4) any evi- 
dence of portal obstruction, such as esophageal varices and ascites Note was made 
of the presence of hepatic metastasis, suppurative cholangeitis with abscess forma- 
tion, pylephlebitis, hepatic vascular lesions, peritonitis, chronic passive congestion 
and other lesions These lesions did not serve to exclude cases from the series, 
since such lesions do not, as a rule, induce hepatic changes which confuse the 
picture of true hepatic cirrhosis 

The important part of the problem centered about the microscopic studies It 
was felt that ultimately the diagnosis of cirrhosis must rest on histologic study 
The routine tissue sections of the liver, biliary passages and obstructive biliary 
lesion, stained with hematoxylin and eosin, were studied Ordinarily these sections 
were entirely adequate, but in many instances they were supplemented by other 
sections from the liver stained by the Van Gieson, Mallory-Heidenham and Perdrau 
technics for connective tissue 

OBSERVATIONS AND RESULTS 

In this gioup of 244 cases in which necropsy showed biliary obstruc- 
tion and obstructive jaundice, almost eveiy type of obstructive biliary 
lesion was represented Some form of neoplastic obstruction was present 
in 64 3 pel cent (157 cases) In only 35 7 pei cent (87 cases) could 
the disease be classified as due to a benign type of obstiuction In 48 3 
per cent (42 cases) of the lattei gioup the obstruction was due to 
choledocholithi'asis, and in 44 8 per cent (39 cases), to postcholecystec- 
tomy stiicture 

It was found that the cases could quite easily be giouped into those 
in which the jaundice, even though fluctuating was continuously present 
from Its first appearance and those in which the jaundice was inter- 
mittently pi esent, i e , m w Inch there wei e at least two episodes of 

43 Ophuls, W A Statistical Survey of Three Thousand Autopsies, Stanford 
University, Calif , Stanford University Press, 1926, pp 275, 286 and 302 

44 Mallory, F B New England J Med 206 1231, 1932 

45 Schumacher, G A Am J M Sc 194 693, 1937 
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jaundice separated by a peiiod in which visible icteius had apparently 
cleared Jaundice was continuous in 78 7 per cent (192 cases) In 
73 4 per cent (141 cases) of this gioup the jaundice was associated with 
neoplastic obstruction whereas in 266 per cent (51 cases) it was sec- 
ondaiy to benign obstruction In only IS per cent (44 cases) was the 
jaundice intermittent, m 25 per cent of these (11 cases) it was due to 
neoplastic obstiuction, and m 75 per cent (33 cases) it was due to 
benign obstruction Eight cases, or 3 3 per cent, could not be definitely 
included in eithei group It is of particular interest that of the 1 1 cases 
in which intermittent jaundice was associated with neoplastic obstruction, 
the obstruction m 7 was due to caicinoma of the ampulla of Vater 

There was a definite difference between these two groups m respect 
to the duration of life after the fiist ajDpearance of jaundice In the 
group with persistent jaundice 87 9 pei cent (124 patients) of those with 
neoplastic obstiuction and 70 6 per cent (36 patients) of those with 
benign obstruction died within three months after the onset of jaundice 
In the group with intermittent jaundice 54 5 pei cent (6 patients) of 
those with a neoplastic obstruction and 54 5 per cent (18 patients) of 
those with a benign obstruction died more than one year after the first 
appearance of jaundice 

In this senes of 244 cases in which necropsy showed biliary obstruc- 
tion and obstructive jaundice, true hepatic cirrhosis was present in 8 6 
per cent (21 cases) The criteria for this diagnosis have already been 
set forth as including parenchymal atrophy, fibrosis and nodular paren- 
chymal regeneration 

The obstructing lesion in 10 of these 21 cases was postcholecystec- 
tomy stricture, m 6 choledochohthiasis, m 2 carcinoma of the ampulla 
of Vater, in 1 caicinoma of the gallbladder with invasion of the common 
duct, in 1 carcinoma of the head of the pancreas and in 1 lecurrent 
caicinoma of the stomach with invasion of the common duct 

Theie were 7 men and 14 women with tiue hepatic ciiihosis Theie 
weie 4 men m the group with neoplastic obstruction and 3 with chole- 
docholithiasis The average age of those with postcholecystectomy stric- 
tures was 40 years , of those with choledochohthiasis, 57 years, and of 
those with neoplastic obstruction, 62 yeais The aveiage age foi the 
entire gioup was 50 years 

It is of paiticular interest that 71 4 pei cent (15 jiatients) of the 21 
patients gave a history of intermittent obstructive jaundice Eveiy 
patient with benign obstruction gave a history of intermittent jaundice 
except a patient m the group with postcholecystectomy stiicture and 
another m the group with choledochohthiasis It is also of intei est that 
the aveiage duiation of life aftei the first appearance of jaundice was 
3 8 years foi the patients with benign obstruction, 0 5 year for those 
with neoplastic obstruction and 3 years for the entiie group 
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A, cirrhosis (with portal obstruction, varices with hemorrhage and ascites) 
from biliary obstruction, X 25 Recurrent postoperative stricture of the common 
duct with obstructive jaundice (occurring intermittently for 8 years) B, cirrhosis 
from biliary obstruction , X 25 Recurrent postoperative stricture of the common 
duct with obstructive jaundice (occurring intermittently for 49 months') 
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In the liveis of these patients with true hepatic cirrhosis there were 
the usual gross changes associated with biliary obstruction A granular 
or nodular suiface was present in 13 Two patients had esophageal 
varices with serious hemorrhage and ascites Two patients had well 
developed collateral A^enous circulation elsewhere with ascites In 2 
other patients there was ascites without demonstrable varices One of 
these also had carcinomatosis of the peritoneum 

Microscopically, the architecture of these livers was altered, some- 
times to a marked degree There were widespread parenchymal degen- 
erative changes, commonly most marked about the central A^ein but 
frequently focal and occasionally peripheral Sometimes actual necrosis 
was present It was not unusual to see isolated groups of parenchymal 
cells in the portal connective tissue There was a moderate to marked 
increase in the portal connectn'^e tissue, and it was not unusual to see 
intralobular extension Pai ticularly noteworthy in these specimens were 
the eiudences of parench 3 'mal regeneration This had taken place to a 
degree deserving of the term nodular In these nodules the sinusoidal 
pattern and Avascular relationships Avere altered Bile thrombi Avere 
present in every case, and frequently parenchymal and reticuloendo- 
thelial cells contained bile pigment Commonly theie AA^as at least an 
apparent increase in the interlobular bile ducts Collections of lympho- 
cytes or polymorphonuclear leukocytes Avere frequently present Tavo 
typical cases are illustrated (figure) 

In one of these cases there was a history of a moderate use of 
alcohol In another there Avas concurrent mild exophthalmic goiter 
Neither of these factors Avas regarded as sufficient to influence the hepatic 
changes found Syphilis Avas ruled out by the Kolmer or the Kline and 
the Kahn test m all but a single case In the latter case there Avas 
nothing m the clinical or necropsy records to suggest syphilis In an 
additional case there Avas a six year history of dyspepsia, colic and vague 
spells of pruritus Finally there AA'^as jaundice for two months, and at 
necropsy a carcinoma of the common duct Avas encountered This case 
was discarded because of the suggestion of antecedent portal cirrhosis 
The past histones of the other cases Avere entirely negative in this 
respect 

COMMENT 

In a revieAv of the extensive literature it appears that so-called biliary 
cirrhosis is recognized by its proponents in livers Avhich haA'^e endured 
biliary stasis and AA'hich have parench 3 unal degenerative changes of vari- 
ous sorts, an increase in the portal connective tissue, an apparent increase 
in the interlobular ducts, bile thrombi and collections of cells, such as 
lymphocytes and polymorphonuclear leukoc3rtes, in the portal connective 
tissue Emphasis is clearly laid on bile stasis, parench3'mal degeneration 
and fibrosis of some degree 
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That these changes are commonly associated with bihaiy obstruction 
in man and m experimental animals is not doubted In oui study of 244 
cases in which necropsy showed biliary obstruction and obstructive jaun- 
dice it was found that most of the changes listed in the foregoing para- 
graph were almost always present 

The outstanding feature in the hvei which has endured biliary 
obstruction is parenchymal degeneration Quincke emphasized this 
pertinent point Similarly, the results of parenchymal degeneration fre- 
quently dominate the clinical pictuie It is for this reason that experi- 
ence dictates a guaided prognosis for these patients unless the biliary 
obsti uction can be relieved and hepatic recovery permitted Quincke 
and Rolleston were inclined to regard the interstitial proliferation as 
of only histologic interest and without influence on the clinical course 
of the disease Eppingei interpreted the late pictuie of uncomplicated 
obstructive jaundice as primarily one of parenchymal atrophy with con- 
densation of connective tissue Certainly a diagnosis of biliary cirrhosis 
accoiding to the current concept of the term adds little to the interpre- 
tation of either the clinical or the pathologic picture It seems that 
conditions of this type might be described more suitably as hepatic 
atrophy This term would place the emphasis where it may rightfully 
belong on the parenchymal degeneration which is associated with bili- 
ary obstruction and jaundice Furthei, it is appreciated clinically that 
at least certain phases of hepatic function are impaired in the presence 
of obsti uctive jaundice, even though there are recognized limitations to 
the clinical tests of hepatic function The term “hepatic atiophy” ^\ould 
be compatible with an impairment of hepatic function and might even 
imply it It should not be confusing to speak of hepatic atrophy in the 
piesence of a normal or greater than normal weight of the liver since 
such an oigan enduring obsti uctive jaundice can still be atrophic to 
microscopic examination and be impaired in its physiologic functions 
The latter factors seem moie important fundamentally than the gioss 
weight of the liver, which is notoriously unpredictable and frequentlv 
difficult to evaluate in considering the course of the disease in retrospect 

In this study 21 cases of a condition consisting in bihai}'^ obsti uction, 
obstructive jaundice and true hepatic cirrhosis were found The criteria 
for the latter diagnosis ha^e been stated It is deal that there is a 
definite distinction between these cases and cases of what is called 
“biliary cirrhosis” in the literature The distinctive feature is the nodular 
parench 3 'mal regeneration which is present in addition to the parenchymal 
atroph} and fibrosis Just as progressive hepatic parenclij-mal degenera- 
tion may lead to death, so maj'^ sufficient parenchymal regeneration con- 
ceivabl}' prevent an untimel}’^ death 

46 Eppinger, H Beitr z path Anat u z allg Path 31 230, 1902 , footnote 7 
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It IS of particular interest concerning the 21 cases of biliary obstruc- 
tion, obstructive jaundice and true hepatic cirrhosis that there was a 
history of mteimittent jaundice in 714 per cent (15 cases) The 
average duration for the entire gioup from the first appearance of 
jaundice to death was 3 years The combination of these facts suggests 
intermittent episodes of parenchymal destruction over a relatively long 
period with intervals of relief from jaundice, permitting an opportunity 
for parenchymal repair Theoretically, at least, intermittent destruction 
and intermittent repaii present a favorable situation foi the production 
of true hepatic cirrhosis 

In the remaining cases, 28 6 per cent (6 cases), there was continuous 
jaundice The jaundice was fluctuating m 4 of these cases and only 
mild to model ate in 2 The average duration from the first appearance 
of jaundice to death in these cases was a little over 0 6 year It is 
apparent that parenchymal regeneration may occasionally occur m the 
jiresence of continuous obstructive jaundice 

It has occasionally been stated in the literature that biliary obstruc- 
tion, obstructive jaundice and hepatic ciirhosis of the Laennec type may 
infrequently occur together Litten,-^ Janowski,®° Quincke,’^® Rolleston,^^ 
Karsner^'^ and others have expressed such an opinion Ford^® even 
regarded “hepatic contraction” with ascites and venous collateral circu- 
lation as relatively frequent in “biliary cirrhosis ” The objection might 
well be raised that the entire group of 21 cases presents two concurrent 
but unrelated lesions, namely, hepatic cirrhosis and biliary obstruction 
One case has been mentioned in a previous section of this paper which 
was ruled out because this seemed possible Recently Bloomfield^® 
graphically reemphasized the fact that hepatic cirrhosis of the Laennec 
type IS commonly latent and asymptomatic “until the final crash of 
hepatic insufficiency ” Hence the possibility that the hepatic cirrhosis 
was present before the onset of biliary obstruction cannot be denied 
It would be of great interest to know the state of the liver at the time 
of the initial operation in the patients in whom postcholecystectomy 
stricture and true hepatic cirrhosis subsequently were found Unfor- 
tunately, these patients without exception originally were operated on 
elsewhere 

It IS of indirect value to refer to the incidence of hepatic cirrhosis 
of all types in persons examined post mortem Ophuls reported an 
incidence of 5 5 per cent , Mallory 5 9 per cent, and Schumacher,^® 
3 7 per cent Rossle ® cited a number of other senes, including his 
own, in which the highest incidence of cirrhosis was 4 per cent 

47 Karsner, H T Human Pathology, Philadelphia, J B Lippincott Company, 
1926, p 682 

48 Bloomfield, A L Am J M Sc 195 429, 1938 
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It IS of interest that the incidence of hepatic cirrhosis in this series 
of cases of biliary obstiuction and obstructive jaundice is 8 6 per cent 
This IS perhaps significantly greater than the incidence of hepatic cirrho- 
sis of all tj^pes in the usual necropsy series 

These data suggest that the relationship between biliary obstiuction, 
obstructive jaundice and tiue hepatic cirrhosis may be more than coinci- 
dental It IS suggested that in such cases the condition be called “cirrho- 
sis from biliary obstiuction” and that the phrase “biliary cirrhosis” be 
dropped as confusing and misleading 

SUMMARY 

It is suggested that hepatic cirrhosis be defined as including paien- 
chymal degeneration, fibrosis and nodulai parenchymal regeneration 
Fiom a series of 244 cases of biliary obstruction and obstructive 
jaundice, 21 cases, or 8 6 pei cent, were separated out in which these 
conditions were associated vith hepatic cirrhosis as defined in the fore- 
going paragraph In 10 of these 21 cases the biliary obstruction was 
due to postoperative stricture of the common duct, in 6 cases to cho- 
ledochohthiasis, in 2 cases to carcinoma of the ampulla of Vater and in 3 
cases to other malignant lesions 

An intermittent type of obstructive jaundice was present in 15 of 
these 21 cases, or 71 4 per cent The average case duration from the 
first onset of jaundice to death was 3 years These factors may be 
involved in the production of regeneration m these cases 

It IS suggested that the term “biliary ciirhosis” be dropped and that 
for the infrequent combination of biliary obstruction, obstructive jaun- 
dice and true hepatic cirrhosis the designation “cirrhosis from biliary 
obstruction” be employed 

Cases in Avhich hepatic parenchymal damage without signs of regen- 
eration follows obstruction of the bile ducts should be classified as 
instances of hepatic atrophj' 



EFFECT OF THOROTRAST (COLLOIDAL THORIUM 
DIOXIDE) ON EPENDYMAL LINING AND 
RELATED PARTS OF THE BRAIN 


DAVID BERKS, MD 

NEW YORK 

Thorotiast,’^ a colloidal prepaiation of thoimm dioxide, is recom- 
mended by some as a contrast medium for ventiiculographic work pref- 
eiable to air Radovici and Meller - were the fiist to use thorotrast for 
the visualization of the ventricular cavities They described their obser- 
vations m a senes of papers m which they expressed the opinion that 
the elimination of this substance from the cerebrospinal pathways was 
carried out by way of the blood stream and lymphatics In then later 
reports they concluded that this elimination at best must be very slow, 
and by roentgen and histologic studies they demonstrated the persistence 
of thorotrast m the ventricular system of monkeys a year aftei injec- 
tion In their investigations they described the accumulation of this 
substance in the subaiachnoid spaces and its adheience to the ependymal 
surface, and they emphasized the absence of penetration into the paren- 
chyma of the brain and the absence of perivascular reaction In a more 
recent contribution they described thorotrast as a completely inert sub- 
stance, but on the basis of its slow elimination and the changes it obvi- 
ously produced m the brain the}' advised extreme caution m its use as a 
diagnostic medium Jacobi, Lohr and Wustmann,® howevei, consideied 
the use of thorotrast in its piesent form to be a safe procedure Free- 
man and his co-workers^ also favoied the use of thoiotiast for the 
purpose under consideration and reported that one of their patients 
showed no clinical evidence of harmful effects twenty months after the 

From the Laboratories of the Mount Sinai Hospital 

1 Thorotrast, preliminary report of the Council on Pharmacy and Chemistry, 
J A M A 99 2183, 1932 

2 (a) Radovici, A , and Meller, O Bull Acad de med , Pans 107 314, 

1932, (b) Presse med 40 1933, 1932, (c) Rev neurol 1 541, 1933 (d) Radovici, 

A , Bazgan, I, and Meller, O Compt rend Soc de biol 114 207, 1933 (e) 

Radovici, A , and Meller, O Presse med 42 153, 1934 

3 (a) Wustmann, O Deutsche Ztschr f Chir 238 530, 1933 (b) Jacobi, 

W , Lohr, W , and Wustmann, O Ueber die Darstellung des zentralen und 
peripheren Nervensystems im Rontgenbild, Leipzig, Johann Ambrosius Barth, 1934 

4 Freeman, W , Schoenfeld, H H , and Moore, C JAMA 106 96, 

1936 
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injection In a more recent study Freeman ° investigated human brains 
coming to autopsy at diffeient periods after the injection of thorotrast 
He found that the eaihest changes, which became evident within an 
hour aftei the introduction of thorotrast, weie swelling of the epithelium 
of the choroid plexus and adheience of grannies of thoiotrast to its 
suiface In a biam wdiich came to autopsy tw^enty-foui hours after the 
injection of thoiotrast a leukocytic infiltration wnth some destruction of 
the epithelium of the choroid plexus w^as noted The ependyma, at this 
time, show’^ed beginning exfoliation and an aggiegation of macrophages 
and leukocytes over the fiee suifice of the ependymal lining The 
latei development of the piocess is not cleai fiom the desciiption given 
by Freeman He stressed the fact that m the piesence of obstructive 
hydi ocephalus there is a severe, persistent inflammatory process with 
desti uction of the ependyma He assumed that m the absence of obstruc- 
tion thoiotrast disappeais from the ventricular system within four days, 
but he did not present clearcut evidence to support this view He added 
furthei that in patients wnth obstruction the choroid plexus w’^as restored 
to a normal condition wathin foui days after the injection 

Radovici, Bazgan and Meller ® and Jacobi, Lohr and Wustmann 
reported changes caused by thorotrast injected into the ventricles and 
emphasized especially a macrophagic reaction, destruction of the ependy- 
mal lining and the freedom of the brain tissue from pai enchymatous 
alterations 

Reeves and Stuck," on the other hand, in a general review^ of the 
subject concluded that the dangers invoHed in the use of this substance 
outw^eighed the possible advantages They cai i led out thorough roentgen 
and histologic studies on the behavior of thoiotrast in monkeys and 
leached the conclusion that “no consequential tiansportation of the sub- 
stance from the subaiachnoid spaces into the blood stream occurs ” They 
discussed the radioactivit) of thorotrast, Avhich they felt w'^as an impoi- 
tant contiaindication to its use and a likely factor in the injurious effect 
In a later paper ® they described the development of hydrocephalus after 
injection of thorotrast in cats, dogs and monkeys 

, Alexander, Jung and Lyman,® Avorking wnth dogs, found damaged 
ependyma and alterations wdiich they i egarded as evidence of the 
ependymal origin of the macrophages invoh'^ed in the reaction to 
thorotrast 

5 Freeman, W Arch Neurol & Psychiat 38 340, 1937 

6 Radovici, A , Bazgan, I , and Meller, O Encephale 28 726, 1933 

7 Reeves, D L , and Stuck, R M Medicine 17 37, 1938 

8 Stuck, R M , and Reeves, D L Arch Neurol & Ps 3 ''chiat 40 86, 1938 

9 Alexander, L T , Jung, S , and Lj'man, R S Arch Neurol S. Psychiat 
32 1143, 1934 
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It IS obvious from the foregoing citations that the question as to 
whether the use of thorotrast in human beings is entiiely without haz- 
ards IS not fully answered, and theiefore it is thought advisable to record 
all reliable observations beaiing on this problem The case which will 
now be reported is of value because of a detailed histologic study made 
on the brain a month aftei the introduction of thorotrast by ventricular 
puncture 

REPORT or A CASE 

A 5 year old girl was brought to the hospital Feb 24, 1936 Two weeks 
after an apparently normal birth, stiffness of her left arm was observed The 
stiffness did not persist but occasionally recurred in attacks of convulsions with 
cyanosis At six weeks she experienced several attacks of generalized convulsions 
with cyanosis By the age of 3 months the seizures had stopped Development 
then seemed to proceed normally — the child sat up at 6 months, stood at 10 months, 
walked at 14 months and talked at 18 months When she began to walk, it was 
noted that she dragged her left leg At the age of 2 years, she was struck on 
the head by a dropping toilet seat She showed no marks of local injury, but 
ten minutes later, while being fed, she suddenly vomited, became unconscious 
and was seized by a severe generalized convulsion She was taken to a hospital 
where a general anesthetic was required to control the convulsion She regained 
consciousness several hours later A roentgen examination of the skull revealed 
no fracture Following this episode, the child became subject to convulsive seizures 
with or without preceding nausea or vomiting The attacks recurred at intervals 
of several months and were usuallj' associated with infections of the upper 
respiratory tract At the age of 3 years (in April 1933), during the course of 
an acute illness with fever and a rash (the exact diagnosis could not be ascer- 
tained), she passed through a severe seizure, with her temperature rising to 108 F 
At the age of 4)4 years, during another severe seizure, with her temperature 
rising to 105 F, a spinal tap yielded bloody fluid She remained unconscious for 
several days, the left leg being held m flexion She then continued in a semi- 
comatous state for ten days As she was regaining consciousness, it was noted 
that she spoke in a parrot-like fashion and was unable to form complete sentences 
She had become easily frightened and was difficult to manage 

The child was well nourished She did not respond to simple commands and 
did not display any emotional reaction The left palpebral fissure was wider, 
and the left pupil larger, than that on the right The fundi were normal There 
were paresis of the central type of the left side of the face and spastic paralysis 
of the left arm and leg All deep reflexes were increased, and the abdominal 
reflexes were diminished on the left side There was a Babmski sign on the left 
The cerebrospinal fluid at the time of admission was normal The Wassermann 
tests of the blood and spinal fluid were negative 

On admission an injury sustained at birth and a developmental defect of the 
right prefrontal area were considered as diagnoses, with some vascular anomaly 
or a porencephalic defect also being suggested as possibilities Four days after 
admission encephalographic examination revealed marked internal hydrocephalus, 
the right ventricle being larger than the left The third ventricle was distended 
This examination was not altogether satisfactoiy and March 15 ventriculographic 
examination was again made and showed marked internal hydrocephalus Follow- 
ing this procedure the child experienced numerous convulsive seizures, and slight 
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papilledema appeared in the right disk As the papilledema advanced and became 
bilateral a midline tumor was accepted as a likely diagnosis, particularly since, 
on March 24, ptosis of the left lid and paresis of the upper and outward movement 
of the left eye developed 

On March 27 a ventriculographic examination was made with the use of 
thorotrast It disclosed huge lateral ventricles but no trace of the third ventricle 
The next day, March 28, four weeks after admission, a suboccipital craniotomy 
was performed When the cisterna magna was opened, the foramen of Magendie 



Fig 1 — The gross appearance of the brain, showing hydrocephalus with 
atrophy of the right hemisphere 

was found to measure 0 5 cm m diameter The fourth ventricle was also enlarged A 
fragment of pia-arachnoid from the cisterna magna was removed for histologic study 
This showed chronic reactive leptomeningitis secondarj’- to “subarachnoid hemor- 
rhage” Following the operation the patient’s condition became progressively 
worse The spinal fluid, which had been clear on repeated examinations, became 
cloudy twenty-five days after operation The temperature rose to 105 2 F Violent 
convulsive seizures set in, during which the child assumed a posture of decerebrate 
rigidity She died during one of these seizures, on April 23, eight weeks after 
admission and four weeks after operation following ventriculographic examination 
by means of thorotrast 
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Poshnoitcm Examination of Biatn — ^The right ceiebial hemisphere was smaller 
in all respects than the left On sectioning, the enlargement of the ventricles 
was brought to view the smaller right hemisphere having the larger ventricle 
(fig 1) The foiamina of Monro were markedly dilated, the aqueduct of Sylvius 
and the fouith ventricle were also dilated but to a lesser degree The cerebellum 
appeared normal 

Mici oscopic Evaminatiou of Biatn — ^The architecture of the ceiebral cortex 
was markedly distuibed This was due to a reduction m the numbei of nerve 
cells and subcortical fibers and to a relative increase m glial elements The gliosis 



Fig 2 — Section of the pons showing almost complete disappearance of the 
fibers of the pyramidal tract on the right side 

affected all glial elements In some sections the gliosis appeared most marked 
in specific layers of the cortex The deeper layers of the cortex were disorganized, 
owing to extensive loss of cellular elements These changes were present m both 
hemispheres but most marked in the right 

Scarlet red stains showed small deposits of fat scattered throughout the cortex 
and subcortex but concentrated chiefly about blood vessels The subependymal 
zone was free from fat 

Sections of the midbrain, pons and medulla oblongata revealed marked reduction 
m the volume of the fibers of the pyramidal tract on the right side (fig 2) In 
addition, stellate foci of demyelination were found m the pes pedunculi on 
each side 






Fig 3 — Section displaying the ventricular lining of the posterior horn of the 
right lateral ventricle It is almost completely desquamated, and the ependymal 
cells are rounded up to form macrophages, which contain thorotrast 



Fig 4 — Section of the ventriculai lining showing ependymal granulations and 
perivascular infiltration in the subependymal zone 
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Fig S — Macrophages, containing granules of thorotrast, enveloping a large 
vessel in the subependyma 



Fig 6 — Section of the midbrain showing part of the aqueduct of S 3 dvius with 
intact ependimal lining and thorotrast-containing macrophages free in the aqueduct 
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The ependymal cells were swollen and vacuolated, some containing granules 
of thorotrast The underlying supporting tissue was densely infiltrated bj 
macrophages containing particles of thoiotrast At one site there was a large 
accumulation of macrophages about blood vessels Covering the ependyma were 
large aggregates of thorotrast-Iaden macrophages The ependymal lining for the 
most part, howev'er, lemained intact, presenting a sharp contrast to the surrounding 
masses of macrophages on the surface and in the subependymal connective tissue 
In the right lateral ventricle the ependymal lining was almost entirely desqua- 
mated (fig 3) Lying free in the ventriculai cavity were laige numbers of 
macrophages containing granules of thorotrast Ependymal granulations occurred 



Fig 7 — Preparation showing ependymal cells in the process of desquamation 


at frequent intervals (fig 4) The subependymal blood vessels showed a striking 
perivascular infiltrate of thorotrast-Iaden macrophages and lymphocytes This 
reaction was usually found near an area of severely damaged ependyma (figs 3, 
4 and 5) 

The ependymal lining in the left lateral ventricle and in the third ventricle 
showed milder forms of the same pathologic process In the aqueduct of Sylvius 
the ependymal lining was intact except for scattered foci of injury There were, 
however, accumulations of macrophages resting on the intact ependyma (fig 6) 

At several points there appeared thorotrast-containing cells suggestive of 
desquamating ependyma cells (fig 7) 
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The pia-arachnoid showed varying changes at difterent sites The inter- 
peduncular space was crowded with a large quantity of thorotrast-laden macro- 
phages Scattered macrophages were found in the subarachnoid spaces over the 
comexity of the brain and surrounding the spinal coid 

Macrophages did not appear in the pacchionian bodies or in the dural sinuses 

SUMMARY 

In the case herein desciibed the patient lived for twenty-seven days 
after the introduction of thorotiast into the ventricular system A laige 
amount of this substance was still jjresent in the ventricular cavities and 
in the subarachnoid spaces, though there was no obstruction to the flow of 
cerebrospinal fluid, as demonstrated by the fact that a considerable 
accumulation of thorotrast-laden macrophages was observed m the sub- 
arachnoid spaces 

The obseivation of particles of thorotrast in macrophages is at vari- 
ance with the assumption made by Freeman that in the absence of 
obstruction the substance disappears from the ventricular cavities 
within four days It is, however, m accord with the evidence presented 
by Radovici and Meller,-“ Stuck and Reeves ® and Jacobi and his 
co-workers 

The thorotrast caused extensive damage m the ependymal lining, 
especially in the right lateral ventricle, into which the substance had been 
directly introduced The pathologic changes consisted of desquamations 
of ependymal lining and extensive macrophagic accumulations in the 
ventricular 'cavities, about the choroid plexus and m the subarachnoid 
spaces Thorotrast-laden macrophages were also found in the perivascu- 
lar spaces of the subependymal zone In several areas ependymal cells 
filled with pai tides of thorotrast could be seen becoming detached and 
rounding up (fig 7) This points to the ependymal cells as the probable 
source of origin of the macrophages, an observation which is in accord 
with the views of Alexandei, Jung and Lyman “ 

CONCLUSIONS 

Thorotrast (colloidal thorium dioxide) is not readily excreted by the 
central nervous system and may remain in the ventnculai cavity for 
long periods (in this case, for twenty-seven days) in spite of the absence 
of obstruction to the flow of the cerebrospinal fluid 

Thorotrast produces extensive inflammatory and destructive changes 
in the ependymal lining The source of the macrophages which ingest 
the granules of thorotrast may be traced in part at least to ependymal 
cells 

The use of thorotrast m patients for the visualization of ventricular 
cavities IS unsafe 



Case Reports 


HODGKIN’S DISEASE WITH INVASION OF 
PERICARDIUM AND GALLBLADDER 

Review of the Literature and Report of a Case with Autopsy 
George T Harrell, MD, Durham, N C 

Since the original description b}' Hodgkin of the disease which now 
bears his name, a vast hteiatuie has accumulated Although the etio- 
logic factois aie still unknown the definite ciitena which have been 
established foi making the diagnosis would probably exclude many of 
the cases earhei repoited to be instances of this disease Although 
the lesions are found piimaiily in lymphoid tissue, vaiious writers 
have desciibed lesions of Hodgkin’s disease m practicall} every organ 
in the bod}'^ Since lesions of the pericaidium and of the biliar}^ tract 
aie among the raiest, it nas thought that the case to be leported now 
wan anted lecording, and that a ie\iew of the hteiatuie on these 
lesions would be mteiestmg 

LITERATURE 

Reed ^ repoited a case of Hodgkin’s disease in which seveial nodular 
lesions with the typical micioscopic appearance weie found in the pleuio- 
peiicaidial membiane Yamasaki - lepoited a “sarcoma of the th}mus” 
breaking thiotigh the paiietal peiicaidium at numeious places Micio- 
scopically the tumoi had polymoiphous cliaiactenstics consistent with 
the lesions of Hodgkin’s disease Kaisner® agieed with Yamasaki in 
the belief that Hodgkin’s tissue can be tiansfoimed into malignant poly- 
morphus cell saicoma, and he so classifies the condition obsen^ed by 
Yamasaki Me}ei ^ lepoited a giowth invading the jDeiicaidium which 
giossl} lesembled lymphosaicoma Though no mention is made of 
pel icai dial sections, the adjacent Ijmph nodes mici oscopicalty showed 
“malignant granuloma” , the cellular desci iption is consistent with that 
in the pieceding case Yates and Bunting'' mentioned an acute condi- 
tion macroscopically lesembhng a malignant tumoi with many nodular 
lesions in the visceial peiicaidium and “typical Hodgkin’s gianulom- 
atous infiltration microscopically ” Other cases i eported in the older 
hteiatuie and cited in extensive leviews of Hodgkin’s disease are 
questionable eithei because of the lack of micioscopic desci iptions or 
because the histologic desci iptions indicate that they are piobably not 
instances of Hodgkin’s disease 

From the Department of Pathologj, Duke Universit> School of Medicine 

1 Reed, D Johns Hopkins Hosp Rep 10 133, 1902 

2 Yamasaki, M Ztschr f Heilk 25 269, 1904 

3 Karsner, H T Arch Int Med 6 175, 1910 

4 kle}er, 0 Frankfurt Ztschr f Path 8 343, 1911 

5 Yates, J L, ahd Bunting, C H J A M A 64 1953, 1915 
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More recently Teiplan and Mittlebach ® described lymphogranu- 
loniatous infiltration of the peiicardium with “concretio cordis cum 
pencaidio” in their case 2 In their case 10 they found granulomatous 
nodules m the epicardium over the right and left ventricles, and a mass, 
6 by 4 by 2 cm , in the epicardium encircling the origin of the great 
vessels Their microscopic descriptions do not include peiicardial sec- 
tions but only typical lesions in ceivical lymph glands The lesion m 
case 2 is illustrated 

Rimbaud " described a case in which there was extensive invasion 
of the subepicardial tissues and of the parietal peiicardium Dalous, 
Fabre and Pons® repoited a gelatinous infiltration over the ventricles 
at the exit of the gieat vessels with involvement of the parietal peri- 
cardium The descriptions of the latter 2 cases and the photomicro- 
graphs of the lesions lea^e no doubt of the diagnosis of Hodgkin’s 
disease Of these 8 cases, the last 3 alone piesent a degiee of involve- 
ment comparable to that in the piesent case 

Meyer ^ repoi ted im asion of the common bile duct by a “tumor” 
microscopicall} consistent with Hodgkin’s tissue , the gallbladder was 
not involved Stahr and Synwoldt ® reported Hodgkin’s tissue m the 
common and cystic ducts with compression of the lumens , two lymph 
nodes at the neck of the gallbladder showed typical microscopic lesions 
The gallbladdei was soft, filled with bile and appaientlv normal No 
other instances of involvement of the biliaiy tiact apart fiom com- 
pression of the ducts by enlaiged lymph nodes were found 

REPORT OF CASE 

A 35 >ear old white man, a farmer and married, vas admitted to Duke Hospital, 
June 17, 1935, complaining of pain in the left side of the chest and swelling in the 
neck, present for six weeks 

The family, marital and past histones of the patient %\ere noncontributory 
About SIX weeks before admission, a sharp pain suddenly developed m the left 
shoulder and spread along the clavicle to the anterior part of the neck and 
sternum After several days a painful red swelling appeared m the left cervical 
region The patient was totally incapacitated fiom the outset, with high sustained 
fever, weakness, night sweats and an indefinite loss of weight Tachycardia and 
edema of the hands, face and feet developed 

On admission the patient was acutely ill, with a temperature of 39 C (102 2 F ), 
a pulse rate of 120, a respiratory rate of 22 and blood pressure of 112 systolic and 
55 diastolic The right pupil vas larger than the left, the tonsils were moderately 
enlarged and infected, and the left was larger than the right 

A smooth red edematous swelling of the lower two thirds of the left antero- 
lateral aspect of the neck extended down to involve the wall of the chest and 
obliterated the paraclaviculai and episternal fossae It was indurated and not tender 


6 Terplan, K, and Mittlebach, M Virchow^s Arch f path Anat 271 
759, 1929 

7 Rimbaud, P Ann d’anat path 11 43, 1934 

8 Dalous, Fabre, J, and Pons, H Arch d mal du coeur 29 89, 1936 

9 Stahr, H , and Synw'oldt, I Med Klin 1 404, 1922 
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The axillary lymph nodes were enlarged, firm and discrete, with the largest, on the 
left side, measuring 4 by 6 cm A tender left submaxillary node was the only 
other palpable node The left upper anterior thoracic wall was prominent, and 
signs of consolidation were noted The heart did not appear to be enlarged The 
sounds were faint, and there was a pericardial friction rub The other physical 
findings were negative No jaundice was present 

The hemoglobin content was 123 Gm (Sahli) , the red blood cell count, 
3,650,000, the white blood cell count, 11,800, with 81 per cent polymorphonuclear 
neutrophils, 1 per cent eosinophils, 9 per cent small lymphocytes, 16 per cent large 
lymphocytes and 3 per cent monocytes The results of examinations ot the urine, 
stool and sputum, the Wassermann and Kahn reactions and the blood culture were 
negative An electrocardiogram showed onl 3 ' sinus tachycardia Fluoroscopic and 
roentgen examination of the chest showed diffuse infiltration of the upper lobe of the 
left lung and a ver 3 ’^ small amount of fluid at the costophrenic angle The heart was 
large and rounded, and the pulsations were feeble A diagnosis of Hodgkin’s dis- 
ease w'as made from sections of a lymph node removed from the left axilla 

The fever continued, with the temperature ranging betw’een 39 and 40 C 
(1022 and 104 F ), showing small dail 3 fluctuations, and there w'as a correspond- 
ingl 3 ' high pulse rate The white blood cell count ranged from 12,000 to 21,000, 
averaging about 90 per cent pob morphonuclear neutrophils The hemoglobin 
content rapidb' fell to 6 5 Gm The patient began to produce some bloody sputum, 
w'hich was negative for acid-fast and other organisms He received roentgen 
therapy, consisting of 130 to 200 roentgens applied over the left upper part of the 
chest and neck, four times at two day intervals, wuth little change in the roentgen 
or physical findings He died in coma approximateh' nine wrecks after the onset 

Postmen tan Obsa-vations — The anatomic diagnosis was fulminating Hodgkin’s 
disease, with invasion of mediastinal, cervical, axillar 3 ' and retroperitoneal bmph 
nodes and of the left sternocleidomastoid muscle, pericardium, epicardium, myo- 
cardium, spleen, left lung, diaphragm, thyroid gallbladder, mediastinum and 
trachea, focal necrosis in the spleen, left lung and lymph nodes, fibrinous peri- 
carditis and pleurisy, with fibrous pleural adhesions, adenoma of the th 3 roid, 
fibrosis of the testis 

An autopsy w'as made five hours after death When the thorax was opened, 
there was encountered a pale nodular mediastinal mass, firm in consistency and 
8 cm in diameter At the point where the aorta issued from the pericardium 
there was a layer of soft, almost fluctuant, white material, 2 5 cm thick The 
pericardium was 8 mm thick and contained 125 cc of thin bloody fluid, it presented 
the picture of fibrinous pericarditis The entire serous surface was covered with 
shaggy pale translucent nodules, firm to the touch, the largest being 2 cm in 
diameter 

The heart weighed 300 Gm A layer of bright yellow' fat with a maximum 
thickness of 4 mm lay between the greatb' thickened epicardium and the 
myocardium It was more prominent over the right ventricle (fig 1) 

The pleural surfaces w'ere bound together wuth fine, easily broken fibrous 
adhesions except over the left apex, where the surfaces were denseb' adherent 
There w’as no free pleural fluid The left lung weighed 730 Gm , the upper 
lobe W'as firm, rubbery and umformb' pale gray The lymph nodes at the hilus 
w'ere large and soft and contained many gray granular areas The right lung w'as 
normal and w’eighed 500 Gm The entire mucosa of the trachea, beginning very 
sharpb 6 cm below' the vocal cords, was infiltrated w'lth a soft reddish growth, 
granular and friable, W'hich partially obstructed the lumen of the right major 
bronchus 





1, heart, anterior surface 2, gallbladder m cross section 3, tissue from cervical 
region involved in Hodgkin’s disease, Dominici stain, X 200 
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About 100 cc of necrotic material resembling thin pus came from the left 
side of the neck, smears revealed no pob'morphonuclear leukocytes or organisms 
A great mass of soft, friable, necrotic ljunplioid tissue in the cervical region some- 
what resembled caseous tuberculous tissue The sternocleidomastoid muscle was 
hard and was infiltrated with dense white tissue 

The liver extended 4 cm below the costal margin and weighed 1,760 Gm The 
spleen was enlarged, weighing 220 Gm , and had soft, bulging red pulp At the 
junction of the cystic duct with the gallbladder w'as a 2 cm mass of firm white 
tissue, covered with mucosa on one side and peritoneum on the other, the duct 
was not obstructed (fig 2) The mesentery contained numerous rubbery nodes up 
to 1 5 cm in diameter 

The entire abdominal aorta and the common ihac arteries were surrounded by 
a mass of firm nodes, averaging 2 cm in lengtli, which did not constrict the 
lumens The other organs show'cd nothing of importance The brain and spinal 
cord were not examined because permission to do so w'as refused 

Cultures of the spleen and of the purulent material from the neck revealed no 
pathogenic organisms (Since this paper was piepared, cultures of Brucella have 
been recovered in this laboratory from material from 4 patients clinically and 
pathologically presenting the picture of Hodgkin’s disease In the present case 
cultures w'cre not made specificallj^ for that organism ) 

Tissues were fixed in Zenker’s fluid containing solution of formaldehjde U S P 
instead of acetic acid (Hellv’s modification) and in solution of formaldehyde 
U S P , diluted 1 10 Sections w'ere stained w'lth hematoxylin-eosin. Van Gieson, 
Masson, Mallory, Heidenhain, Pappenheim, Dominici,^i Giemsa, Kmgoun acid-fast 
and MacCallum bacterial stains 

The axillary l>mph node removed tw’elve dajs before death and preceding 
roentgen therapj revealed fibrosis, Ityperplasia and focal necrosis Eosinophils 
were rare , Dorothy Reed cells were numerous The multinucleated cells were most 
prominent in the sinuses just under the capsule 

The tissue showung Hodgkin’s disease obtained at autopsy was umformlj made 
up of three mam types of cells (fig 3) (1) giant cells with a maximum diameter 

of 40 microns, irregularly shaped, wuth from two to eight large vesicular nuclei 
which were often arranged around the peripherv, occupjing most of the cell, 
(2) smaller rounded cells with a maximum diameter of 20 microns, w'lth a single 
nucleus of denser character and a wide border of deep-staining cytoplasm, (3) 
lymphocytes and a few plasma cells No eosinophils were found The mitoses, 
which numbered two to six per high power field, were found principally in the 

10 Parsons, P B , and Poston, M A South M J 32 7, 1939 

11 The Dominici method is as follows Stain with eosm-orange G (05 Gm 
in 100 cc of distilled water) and counterstain with a 0 5 per cent aqueous toluidine 
blue 

12 The Kmgoun method makes use of a stain prepared as follows Boric 
fuchsm, 4 Gm , phenol crystals, 8 Gm , 95 per cent alcohol, 20 cc , and water, 
100 cc Counterstaining is done with Loffler’s methylene blue solution 

13 The MacCallum method is as follows 1 Apply the Goodpasture stain 

(basic fuchsm, 0 59 Gm , aniline oil, 1 cc , phenol crystals, 1 cc , and 30 per cent 
alcohol, 100 cc ) 2 Differentiate in solution of formaldehyde U S P (40 per 

cent) 3 Counterstain with saturated aqueous trmitrophenol 4 Stain with 
Sterling’s gentian yiolet 5 Stain with Gram’s iodine 6 Clear m aniline oil and 
xylene 
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large mononuclear cells Considerable necrosis with little fibrosis was present 
Blocd vessels and b'mphatics in all sections contained these cells 

A dense zone of Hodgkin’s tissue, having a thin layer of fibrin on the edge 
next to the pericardial cavity, extended into the pericardium, epicardium and myo- 
cardium The tissue invaded the muscularis and the folds of the mucosa in the 
gallbladder, the muscle bundles m the sternocleidomastoid muscle and m the 
diaphragm, the alveoli of the lung, the mucosa of the trachea and the capsule of 
the thyroid Invasion of the spleen was slight, but necroses were prominent No 
invasion of the liver or bone marrow — femur, rib vertebra — was found The 
femoral marrow was h 3 perplastic with many eosinophils m all stages of develop- 
ment , the red cell series and the supporting tissue were increased At several 
places m the intestines the submucosa was extensively infiltrated with lympho- 
cytes, but no multmucleated cells were seen , the mucosa was intact 
No organisms were found with acid-fast or bacterial stains 

COMMENT 

The clinical course in the piesent case was strikingly similar to that 
of an acute infection The pathologic obseivations suggest that the tissue 
involved in the disease had taken on malignant, invasive characteristics 
This observation has been lecoided pieviotisly m the hteiature 

Lesions m the mediastinal lymph nodes are fiequently found m post- 
mortem examinations, but the explanation of the rare involvement of the 
pericardium is obscuie In most of the cases reviewed m this article, 
lesions in the adjacent lymphoid tissue have extended diiectly into the 
peiicardium Since appieciable quantities of lymphoid tissue which 
might act as piimaiy or secondaiy foci for the spread of the lesions were 
not found distal to the anterioi mediastinal or intei tracheobronchial 
nodes, one must assume that cells reached the pericaidial membrane by 
retrograde extension through the lymphatics, or that the> enteied by 
way of the blood 

Theie is said to be ovei the ventricles a rich subepicaidial plexus 
of lymphatics communicating with those of the myocardium and fus- 
ing to form two trunks paiallel to the coionaiy arteries^’* A small 
preaortic gland may be present as a way station in the course of the 
right duct, which joins the anterior mediastinal chain Small latero- 
pulmonary and dorsopulmonary glands may interrupt the flow in the left 
trunk from the ventricle to the mtertracheobionchial group The auricles 
dram directly into these large groups of glands oi into paraphrenic 
glands as a way station Valves are rare in the lymphatics of the auricles 
and are most numerous m the trunks of the ventiicles on the anterior 
surface 

The parietal pencaidium drains either directly or through the para- 
phrenic glands into the right and left anterior mediastinal gioups along 
with lymphatics from the thymus On the right, an ascending trunk 
from this group empties into the subclavian or into the jugular vein 
On the left, the group drains through the preaortic-carotid trunk into 
the thoracic duct Some afferents go through the posterior mediastinal 
nodes into the intertracheobronchial group, which in turn empties into 

14 Rouviere, H Anatomie des Ij'mpbatiques de rhomme. Pans, Masson & 
Cie, 1932 



64 


ARCHIVES OF PATHOLOGY 


the thoracic duct through the paiatracheal nodes Any of the loutes out- 
lined could serve foi the spread of lesions from the mediastinal nodes to 
the pericardium 

The lymphatics of the gallbladder aie superficial to the blood vessels 
and anastomose with those of the hver The lymphatics of the right 
side of the gallbladdei dram to the l}’-mph gland at the foramen of 
Winslow, which m turn sends efteients to the preaortic glands, the 
lateral right aortic glands, those near the superioi mesenteric artery and 
thence into the thoracic duct The lymphatics of the left side and 
inf ei 101 suiface diain into the cystic gland, which is located in the cuive 
of the neck of the gallbladder at its junction with the cystic duct 
Efferents from this gland go to the gland at the foramen of Winslow 
and to the superior i etroduodenal pancieatic group The lymphatic 
drainage of the cystic and hepatic ducts is shaied by both of the afore- 
mentioned glands, the common duct diains to the latter The superioi 
retroduodenal panci eatic and posterioi duodenal panel eatic groups 
receive some affeients fiom the hepatic and common ducts, respectively 
Extension along the anastomotic cii dilation outlined is the piobable route 
of involvement of the biliary tiact in the 2 cases leviewed^"’ Several 
other instances of lesions of Hodgkin’s disease m the cystic gland with- 
out involvement of the biliary tract have been lepoited No record has 
been found of extension fiom this node into the gallbladder Why this 
gland and nearby lymphatics aie not moie frequently involved, or why 
lesions in the liver, which are relatively common, do not extend directly 
into the gallbladder, is not known 

. SUMMARY 

Eight cases of Hodgkin’s disease in which peiicaidial lesions were 
proved to have occuned are reviewed, and another is leported 

Two cases of this disease in Avhich lesions in the extrahepatic biliary 
tract were demonstrated aie reviewed The piesent case is piobably 
unique in the invasion of the gallbladder itself 


IS Meyer “i Stahi and Synwoldt ^ 



OF THE 


CHANGES IN THE INTERSTITIAL CELLS 
TESTES IN GULL’S DISEASE 

David Marine, M D , New York 

In spite of the relatively enormous literature on the pathologic 
aspects of myxedema in adults there are only a few specific references 
to changes in the gonads, although the striking difference in the sex 
incidence of the disease and the usual onset during the decline of active 
sexual life in patients of both sexes have been fully appieciated by all 
contributors 

The more important symptoms referable to the male gonads are 
impotency, loss of sexual desire, decrease in the size of the testes and 
enlargement of the breasts 

I have been unable to find any references to microscopic studies of 
the testes in Gull’s disease, and on this account the following leport of 
a case may be of interest 

REPORT OF A CASE 

P G , aged 63, was admitted to Montefiore Hospital Dec 4, 1933, and died 
Sept 17, 1934 His chief complaints were gradual loss of energy, diminution of 
muscle strength, increased sensitivity to cold and changes in speech and facies, 
over a period of five years For the past six months he had had precordial pain 

The man was well nourished He had acromegaloid features, slow, coarse 
speech and prominent lips and nose His tongue was not enlarged The upper 
and lower eyelids were puffy The fundi were normal The chest disclosed 
moderate emphysema The lungs were clear 

Six months after admission the patient presented alternating diarrhea and con- 
stipation Proctoscopic examination revealed carcinoma of the rectum The 
tumor progressed rapidly and within two months invaded the bladder, causing 
cystitis and ascending infection of the kidneys 

Basal metabolism tests showed a rate of — 18 per cent three days after admission 
and a rate of — 29 per cent three weeks later During the nine months of observa- 
tion the rate fell to this level twice again, when the administration of desiccated 
thyroid was discontinued The red blood cell count was 4,100,000 , the white cell 
count, 11,700, the hemoglobin content, 90 per cent The Wassermann test was 
negative A chemical study of the blood showed sugar, 84 mg per hundred cubic 
centimeters , urea, 10 9 mg , calcium, 10 mg , phosphorus, 3 7 mg , cholesterol, 
207 mg Gastric analysis showed the presence of free hydrochloric acid 

Neaopsy — ^The anatomic diagnosis was myxedema (clinical), atrophy of the 
thyroid, carcinoma of the sigmoid flexure, atrophy of the interstitial cells of the 
testes, chromophobic adenomas of the anterior lobe of the pituitary and generalized 
atherosclerosis 

From the Laboratory Division, Montefiore Hospital 
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The heart weighed 270 Gm The coronary arteries were sclerotic , there was 
partial occlusion of the left descending and left circumflex branches but no evidence 
of infarction The liver weighed 1,100 Gm , was firm and cut with increased 
resistance The left adrenal weighed 6 5 Gm , the right, 10 Gm The cortex of 
each was well developed and of normal color The medulla was distinct The 
gastrointestinal tract was normal save for an irregular, cauhflower-hke tumor. 




Fig 1 — Atrophic lobule of the thyroid, showing interfollicular lymphocytic 
infiltration and exhaustion atrophy of the follicular epithelium 


beginning approximately 17 cm above and extending to within 5 cm of the anus 
The testes were softer than normal The right weighed 20 Gm , the left, 15 Gm 
The lateral lobes of the thyroid were yellowish firm bandlike masses, measuring 
3 by 1 by 0 5 cm The parathyroids appeared normal The brain weighed 1,220 
Gm No gross abnormalities were noted The pituitary had a normal outline and 
weighed 0679 Gm 

Microscopic Examination — The thyroid showed generalized increase in con- 
nective tissue The lobules were reduced to small, widely scattered nests of 







Fig 2 — A, testicular tissue showing absence of spermatogenesis, widening of 
interstitial spaces, and atrophy and degeneration of interstitial cells , B, highei 
magnification of A 
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shrunken, distorted follicles, and each lobule was infiltrated by lymphocytes The 
epithelial cells of the atrophic follicles were highly irregular in size and shape 
Some cells contained large, distorted nuclei , in others the nuclei were small and 
pyknotic (fig 1) 

The parathyroids were normal 

In the testes the tubules were small and widely separated Spermatogonia were 
definitely reduced m number There was no spermatogenesis The Sertoli cells 
were intact The interstitial spaces were widened, and the interstitial cells were 
greatly reduced in number and distorted in form In some the nuclei had been 
preserved, but most of the cells were in an advanced stage of degeneration and 
were represented by cytoplasmic fragments or small yellowish or brownish masses 
of pigment (fig 2 A and B) 

The pituitary rev^ealed slight basophilic infiltration of the posterior lobe and 
generalized increase m the stroma of the anterior lobe One definite and several 
indefinite chromophobic adenomas were noted There was an increase in the 
number of cells taking a diffuse eosin stain (hematov-ylin-eosin stain, Orth’s 
fixation) With Mallor 3 '’s stain, after mordanting in Zenker’s fluid, the cells did 
not show stainable granules 

COMMENT 

Atiophy of the testes is refeired to occasionally in clinical repoits 
of cases of Gull’s disease, but I have been unable to find any reference 
to mici oscopic changes in the testes The only detailed reports possibly 
related to this subject are of cases of cachexia strumipi iv'a, by Wegelin ^ 
In my opinion this condition is not comparable to Gull’s disease because 
thyroidectomy during active sexual life tends to, and often does, increase 
the activity of the gonads, directly by removing the inhibiting effect 
of the thyroid hormone on the gonads and indii ectly by stimulating the 
gonadotropic activity of the anterior lobe of the pituitary - The increased 
sensitivity of the gonads to gonadotropic substances following thyroid- 
ectomy IS another manifestation of this phenomenon ® One of Wegelin’s 
patients vv’-as 47 years old and died of heart disease A fiagment of 
thyroid vv^as found at necropsy Both testes weie below noimal size and 
weight The tubules were small, but there was definite, although gieatly 
1 educed, spermatogenesis The interstitial spaces were widened and 
edematous The inteistitial cells were “not increased” and contained onl) 
a trace of pigment Wegehn’s second patient was 56 yeais old and died 
of heart disease He had leceiv^ed desiccated thyroid for twenty years, 
beginning ten years after total th} roidectomy at the age of 16 The 
testes were small, and the cut surface was brownish There was actwe, 
although greatly i educed, spermatogenesis The interstitial cells were 
few^ and widely scatteied and contained fine fat droplets, which were 
not doubly refiactile The hypophysis weighed 1 Gm 

1 Wegehn, C, in Henke, F and Lubarsch, O Handbuch der speziellen 
pathologischen Anatomic und Histologic, Berlin, Julius Springer, 1926, vH 8, p 
362, Virchows Arch f path Anat 25i 688, 1925 

2 Marine, D , and Rosen, S H Am J Phj’^siol 121 620, 1938 

3 Schockaert, J Compt rend Soc de biol 108 431, 1931 
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It IS well known that in 3^oung adult animals thyroidectomy, despite 
the very low metabolic rate, usually does not lead to a clinical complex 
resembling Gull's disease, but thyroidectomy regularly causes typical 
cretinism in infantile animals In recent yeais somewhat the same 
phenomenon has been seen following subtotal thyroidectomy for 
exophthalimc goiter * In some of the cases in which the metabolic rates 
were very low clinical signs of Gull’s disease developed, while in others 
such signs did not, and it is possible that the different outcome may 
have been due in part to different levels of gonadal activity (adienal 
cortices and gonads) 

The significance of depiessed function of the gonads in the develop- 
ment of myxedema has frequently been discussed, and clinical evidence 
has been brought forward by Curschmann,® Deusch,® Apert and otheis 
which suggests that the decline m gonadal functions may be one of the 
factors underl3nng the subsequent failure of the thyroid This view 
IS based largely on clinical studies, because the anatomic changes in 
the ovary are difficult of interpretation and evaluation The3’’ cannot 
be sepal ated fiom the normal menopausal changes There is clinical 
evidence, both direct and indirect, that the postmenopausal ovai3’^ may 
still function in such a way as to offer some protection against atrophy 
of the thyroid The indirect evidence is that myxedema rarely occurs 
as a complication of the menopause, and the direct evidence is that 
cases have been leported in which m3^xedema developed abiuptly after 
removal of the ovaries even when this occurred five and even ten years 
after the menopause Myxedema has also been repoited in males after 
destruction of the testes by gunshot or by tumor The typical effect 
of gonadectomy on the thyroid in sexually mature animals is a temporary 
(one to two weeks) stimulation of the thyroid probably thiough the 
pituitary, followed by involution (as indicated by a rise in iodine [L], 
an increase in density of colloid and flattening of the epithelium) True 
atrophy of the thyroid following gonadectomy has not been recoided 
Anatomic changes in the testes are more easily interpreted than such 
changes in the ovaiy, and m the case lepoited here definite changes were 
observed in both the germinal epithelium and the interstitial cells Those 
in the interstitial cells were much more severe — a reversal of the usual 
senile changes In patients with exophthalmic goiter the interstitial cells 

4 Thompson, W O, and Thompson, P K J Clm Investigation 5 441, 
1928 , 6 347, 1928 Thompson, P K , Brailey, A G , and Cohen, AC Am J 
M Sc 179 773, 1930 

5 Curschmann, H Ztschr f d ges Neurol u Ps 3 mhiat 41 155, 1918 

6 Deusch, G Munchen med Wchnschr 66 589, 1919 

7 Apert Semame med 28 71, 1908 
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aie ordinal ily well pieserved even when there is advanced atiophy of 
the germinal epithelium 

SUMMARY 

A case of m}xedema m a 63 yeai old man is reported in which 
advanced atroph)'^ of the thyroid gland and of the interstitial cells of 
the testes was found The suggestion is made that the atrophy of the 
interstitial cells may be etiologically important lather than coincidental 
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PROGRESS IN THE STUDY OF THE 
TYPHOID BACILLUS 

A J WEIL, MD 
L S GALL, BS 

AND 

S WIEDER, BS, AIA 

PEAKL RIVER, N Y 

The introduction of the exact methods of chemistr) and physics 
into the field of microbiology and the adoption of a corresponding 
mental attitude have home fruit which make the writing of a review 
such as this one a much more gratifying task today than it would have 
been fifteen years ago 

It IS our aim to dwell on those researches in which real progress 
has been made, rather than to be compiehensive Still it is hoped 
that the bibliography given in the footnotes to the text is complete 
enough to serve as a guide to the bypaths of the subject It includes 
papers available up to March 31, 1939 [In cases in which numerous 
publications fiom the same laboratory are scattered in various journals — ■ 
for instance, the reports of Boivm’s work — reviews published by the 
authors themselves are listed so as not to encumber the list with still 
more references ] 

There are three different official classifications used for the typhoid 
bacillus in English speaking countries One is Bacterium typhosum, used 
predominantly in England Bei gey’s ^ designation Eberthella typhosa is 
increasingly followed in the United States The third is Salmonella 
typhosa, according to the Kauffmann-White - scheme, n Inch assigns 
Eberthella typhosa to an exact place within the Salmonella group 

The Kauffmann-White foimula gives the predominant features of 
the antigenic mosaic of E typhosa, namely, the somatic antigens, IX 
and XII, and the flagellai antigens, d in the a phase and j in the p phase 
A nonspecific H phase is not known for the typhoid bacillus In 
addition to these, the scheme in its most lecent shape includes the 

From the Lederle Laboratories, Inc 

1 Bergey, D H Bergey’s Manual of Determinatu e Bactenolog\, ed 4, 
Baltimore, Williams & Wilkins Companj', 1934 

2 Kaufmann, F Ztschr f Hjg u Infektionskr 120 177, 1937 
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Vi antigen (Foi the nomenclature of typhoid receptors as used m 
Japan see Naito, Aoki and Tsuda 

The flagellar, or H, antigen can be dealt with here briefly, as little 
new work has been done on this subject It is generally accepted that 
the H antigen is of proteinic natuie, hut no further investigations on 
it have been published Duncan ^ reported that H antigen is inactivated 
by ± % 4 o molar hydrochloric acid in one hour at 50 C The H antigen 
can be removed by repeated washing (Detre °) Pijper ® showed that 
the flagella of the typhoid bacillus appeal, on examination of the living 
organism, to be contorted to one or two tufts 

The opinion is now predominant that the H antibody does not 
contribute to antibacterial immunit}' (Grinnell," Mollari, Reedy and 
Randall Whethei this is true without restriction is not easy to 

determine Experiences like those reported by Mudd, Lucke and 
Strumia ® and Maltanei seem to indicate that there are some qualities 
of the H antibody which may play a role in protection 

As to the somatic antigen, Furth and Landsteiner gave conclusive 
evidence that its immunologic specificity is determined by a carbohydrate- 
like substance which contains but little nitrogen The pioblem of the 
somatic antigen was approached by Boivm and Mesrobeanu and 
Raistnck and Topley independently with one member of the Sal- 
monella group, namely. Salmonella aertrycke Boivin and Mesrobeanu 
precipitated suspensions of the bacteria with trichloroacetic acid They 
obtained a colloidal supernatant fluid Further purification was 
achieved by precipitation with acetone, followed by dialysis These 
preparations were named by the authors antigene complet, because they 
were able to demonstrate that the substance was fully antigenic 
Anttgene complet is split by acid hydrolysis into a complex carbohydrate 
and a fraction called by Boivin and Mesrobeanu bpide The latter 

3 Naito, T , Aoki, V , and Tsuda, D Ztschr f H 3 'g u Infektionskr 118 
666, 1936 

4 Duncan, J T Brit J Exper Path 16 405, 1935 

5 Detre, L J Infect Dis 60 319, 1937 

6 Pijper, A J Path & Bact 47 1, 1938 

7 Grmnell, F B J Exper Med 54 577, 1931 

8 Mollari, M , Reedy, R J , and Randall, W A J Trop Med 41 218, 1938 

9 Mudd, S , Lucke, B , and Strumia, M J Immunol 24 493, 1933 

10 Maltaner, F J Immunol 26 161, 1934 

11 Furth, G, and Landsteiner, K (a) J Exper Med 47 171, 1928, (/>) 
49 727, 1929 

12 (a) Boivin, A, and Mesrobeanu, L Rev d’lmmunol 1 553, 1935, (b) 

2 113, 1936, (c) 3 319, 1937, (rf) 4 40 and (e) 197, 1938, (/) Ann Inst 
Pasteur 61 426, 1938, (g) in Comptes rendus du Sixieme Congres de chimie bio- 
logique, Lyon, 1938, p 401 (/i) Mesrobeanu, L Les antigenes glucido-hpidiques 

des bacteries. Thesis, Strasbourg, 1936 

13 Raistnck, H, and Toplej, W W C Brit J Exper Path 15 119, 1934 
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contains, accoiding to these authors, fatty acids, appreciable amounts 
of acetic acid and small amounts of nitrogen, phosphorus and sulfur 
The carbohydrate was shown to contain small amounts of nitrogen 
(±: 2 to 3 per cent) and up to 40 per cent reducing substances An 
antigene complet, or antigene ghicidolipidiqne, as it is also called, was 
shown to be present in all smooth forms of the Salmonella gioup and 
of the colon, dysenteiy and proteus groups Antigenes complets were 
found to give highly specific precipitative reactions with their corre- 
sponding anti-O seiums They elicit typical anti-0 antibodies when 
injected into animals The polysaccharide alone as obtained by hydrol- 
ysis IS a hapten The lipid residue is not antigenic and it does not 
react in vitro 

Raistnck and Topley obtained, independently from Boivin and 
Mesrobeanu, what was evidentl}' the same substance by a different 
method They subjected washed, diied bacteria to tryptic digestion and 
isolated the active material by fractional alcoholic precipitation, the mam 
fraction being obtained with 68 per cent alcohol 

Topley, Raistnck, W ilson, Stacey, Challmor and Clark utilized the 
experience gained with S aertrycke for isolating the corresponding 
substance from E typhi 

More recently Henderson and Moigan obtained very puie prepa- 
rations of the “complete antigens” by extracting dried bacilli with 
diethylene glycol in the cold, followed by pi ecipitation with 33 to 50 
per cent acetone or 50 to 60 per cent alcohol 

The type specificities of the polysaccharides from Salmonella obtained 
by this method were demonstrated also by Beckwith and Morgan 
Felton and Wakeman proposed a method for piecipitating an immuniz- 
ing antigen which was similar to that foi preparing Felton’s pneumo- 
coccic antigen Another rather crude fractionation was described by 
Aoki, Obi and Tanaka 

The work on the somatic antigen done in France and England 
marks a significant step ahead Still, one looks forwaid with eagerness 
to the results of further puiification and analysis As serologic investi- 
gation has shown, species of Salmonella often contain a plurality of 
somatic antigens — for instance, in E typhosa are those labeled IX and 

14 Topley, W W C , Raistnck, H , Wilson J , Stacey, M , Challmor, S W , 
and Clark, R O J Lancet 1 252, 1937 

15 Henderson, D W , and Morgan, W T G Brit J Exper Path 19 82, 
1938 

16 Beckwith, T D , and Morgan, H R J Bact 36 28, 1938 

17 Felton, L D , and Wakeman, F B Bull Johns Hopkins Hosp 60 178, 

1937 

18 Aoki, Y , Obi, K , and Tanaka H Ztschr f Immunitatsforsch u exper 
Therap 90 162, 1937 
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XII in the Kauffmann- White classification These antigens cannot 
be separated by relative absorption with factor-specific antiserums 
(Meyer It would be important to know whether these antigenic 
difterences aie anchored within one molecule or whether anUgenes 
complets harbor mixtures Relations of this kind are known for 
instance m the form of the Foissman antigen (For the antigene 
complet of the Shiga bacillus see the recent paper of Meyer The 
only example of a separation of different somatic antigens within a 
“complete antigen” was disclosed by the work on the Vi antigen 

Before embarking on this subject, we shall relate the history of this 
antigen The first description of it is credited to Felix The trail 
which led to his finding started with the old obsen^ation that typhoid 
strains when freshly isolated from patients often proved to be inagglutin- 
able (For an early American observation of this fact, see Gay and 
Claypole 

Felix and Pitt found that such inagglutinable stiains are more 
pathogenic for mice than are the agglutinable ones They immunized 
rabbits with live cultures of an inagglutinable stiam and found a new 
agglutinin The antibodies produced bj this antigen are of a com- 
paratively low titer The agglutination is of the granular type 

O and Vi aie antigenicallj'^ strictly different Agglutinability by Vi 
antibody is, of course, related simply to the presence or absence of the Vi 
antigen On the other hand, the agglutinability of a strain by O anti- 
body is more or less inhibited m the presence of Vi antigen, and full 
agglutinability is present only m strains devoid of Vi This phenomenon 
of inhibition of O agglutination in the piesence of Vi antigen explains 
the old obseivation referred to These basic observations were soon 
confirmed (Dj^aschenko , Almon and Stovall-^) 

Because of the relationship of this antigen to pathogenicity in mice 
and from other considerations, which Ave shall discuss later on, Felix 
called it “virulence antigen,” a term soon generally abbreviated to “Vi 
antigen ” Felix and Pitt demonstrated the antigen’s independence 
of the presence oi absence of O antigen 

Kauffman-® devised the designation V -W Foimwechsel, assigning 
to the Vi form the symbol V and to the O form the symbol W, the 
intermediate forms being called V-W Practical as this scheme is, it has 
not won many adherents in English-speaking countries 

19 Meyer, K Ann Inst Pasteur 62 281, 1939 

20 Mejer, K Compt rend Soc de biol 128 746, 1938 

21 Felix, A , and Pitt, R M Lancet 2 186, 1934 

22 Gay, F P , and Claypole, E J Arch Int Med 12 671, 1912 

23 Dyaschenko, S S J Hyg 36 108, 1936 

24 Almon, L, and Stovall, W D J Immunol 31 269, 1936 

25 Felix, A , and Pitt, R M J Hyg 35 428, 1935 

26 Kauffmann, F Ztschr f Hvg u Infektionskr 116 617, 1935 
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A strain containing Vi but not O antigen is rough in all its aspects 
On the other hand, a strain may be devoid of Vi antigen and yet be 
completely smooth (Felix and Pitt -®) Kauffmann and Scholtens,-^ 
while confirming Felix’ observation, are not inclined to accept a stiain 
as rough in the strict sense if it contains V i 

Topley and his co-worker s,’^^ as well as Henderson and Morgan,’-® 
Combiesco, Combiesco and Soru and Combiesco and Combiesco 
showed that it is possible to demonstrate chemical differences between 
the O and the Vi antigen Vi antigen, m contrast to O antigen, is pie- 
cipitable by phosphotungstic acid in sulfuric acid, neutral lead acetate, 
uranium acetate, mercuric acetate and aluminium acetate Topley 
and Henderson and Morgan ’® found also that their Vi antigen and O 
antigen differ in the biuret reaction and in the ninhydrin test Boivm 
and Mesrobeanu found differences m the reducing properties of O 
and Vi The content of carbon, hydrogen, nitrogen and phosphorus is 
essentially the same Combiesco, Combiesco and Soru reported that 
anhgene complet prepared from Vi strains is less filtrable through Seitz 
E K filters and that solutions of Vi antigen are moie stable than solu- 
tions of O antigen 

The Vi antigen is much more labile than the O antigen Felix, 
Bhatnagar and Pitt showed that it is unstable at 100 C According 
to Felix, Bhatnagar and Pitt, the immunizing quality is reduced by 
treatment with small amounts of formaldehyde or by moderate heat 
(65 C ), so that the treatment of animals with such denatuied material 
results in antibodies of poor piotective properties Moie inten- 
sive treatment destroys the antigenic properties entirely It is inter- 
esting to note that formaldehydized Vi antigen which is capable of 
evoking antibodies in rabbits is ineffective in horses These rabbit anti- 
bodies are, however, of poor protective quality This observation was 
confirmed and amplified in a recent paper by Henderson,®- who found 
that serums made with extracts from Vi stiains by the diethylene glycol 
method, regardless of their piecipitative and agglutinative titers, had 
poor protective quality and did not give complement fixation against 
wdiole bacilli 

27 Scholtens, R T Zentralbl f Bakt (Abt 1) 139 467, 1937 

28 Combiesco, D , Combiesco, C P , and Soru, E Compt rend Soc de 

biol 126 1081, 1937 

29 Combiesco, D , Combiesco, C P , Dumitresco, N , and Badenski, A ibid 
126 1079, 1937 

30 Boivin, A , and Mesrobeanu, L (a) Compt rend Soc de biol 128 5 

and (b) 9, 1938, (c) Compt rend Acad d sc 206 1416, 1938 

31 Felix, A , Bhatnagar, S S , and Pitt, R M Brit J Exper Path 15 346, 

1934 

32 Henderson, D W Brit J Exper Path 20 11, 1939 
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The typhoid organisms contain a numbei of antigenic substances 
which do not give evidence of their presence in the smooth forms and 
not always in the rough forms Fuith and Landsteinei showed that 
the R form contains a carbohydrate different from that of the S form 
This fact was confiimed by White,®® who demonstrated, in addition to 
a carboh}diate characteristic for the R form, the following factors 

1 The Q factor, which is exti acted from organisms of the Sal- 
monella group by hydiochloric acid in alcoholic solution It is a true 
antigen common to the whole Salmonella group 

2 An antigen asciibed to the p form which is a hapten (The p 
form IS best desciibed as a “loss” variant of the rough foim deprived of 
the R hapten ) White obtained the deteimmant antigen by washing the 
organisms with hot alcohol The R and p foims, moieover, contain 
another factor common to both 

3 An antigen called the T fraction, which is common to the Sal- 
monella group and which he identified with the P fi action of Furth and 
Landsteinei 

Malik ®'^ recently described a “loss” vanant of the R form with an 
antigen of its own , its relation to White’s findings remains to be deter- 
mined Malik’s speculation about the spatial arrangement of these 
“minor” antigens touches an important problem, about which but little 
IS known 

Henderson®® also reported two antigenic fi actions fiom lough 
strains with complicated relations to each other and also to antigenic 
qualities piesent in smooth forms One of these fractions seems to be 
lesponsible for a quota common to both O and Vi antiserums Hender- 
son IS well aware of the similarity of these observations with those of 
White 

O and Vi forms diffei in the appearance of their colonies (Craigie 
and Brandon,®® Giovanardi , Malik ®’^), colonies of Vi strains being 
less transparent than those of O forms 

The optimal development of Vi antigen depends much on proper tem- 
perature and culture medium (Felix and co-workers ®^ Kauffmann,®'' 
Detre ®) 

Detre ® contxibuted a method of selecting V forms out of V-W 
cultures by adding O antiserums and subcultuiing from the supernatant 
fluid, which, of course, contains the nonagglutinable organisms, rich in 

33 White, P B J Path & Bact 34 325 , 1931 , 35 77 , 1932 , 36 65 , 1933 

34 Malik, J Compt rend Soc de biol 129 802 , 1938 

35 Craigie, J , and Brandon, K F Canad Pub Health J 27 165, 1936 

36 Giovanardi, A Zentralbl f Bakt (Abt 1 ) 141 341 , 1938 

37 Malek, J Compt rend Soc de biol 129 785 , 1938 

38 Kauffmann, F Ztschr f Hyg u Infektionskr 117 778 1936 , footnote 26 
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Vi It seems that Vi-contammg micro-organisms can be obtained by 
suitable methods of selection from piactically any strain Both Kauff- 
mann and Detre ® obtained, for example, Vi forms from the H-901 
strains 

Dwarf colonies of E typbosa were legarded as ii regularities for many 
years However, Victonsz,®® in the couise of a recent study de\oted 
to these dwarf forms, found leasons to believe that they represent the 
genotype of the typhoid bacillus, from which S and R forms either 
with or without Vi antigen develop and to which they eventually revert 

The discussion about a possible transmutation of typhoid bacilli into 
saphrophytes and vice versa came to an end after Cruickshank refuted 
the story of the relation between E typhosa and the chromobactenum 
called Bacterium typhi flavum 

The question of the subdivision of typhoid bacilli into types according 
to fermentative reactions has not atti acted much attention during recent 
years Kristensen found that the fermentation or the lack of fei - 
mentation of rhamnose is a constant quality of a given strain There is 
relatively little information regarding the biologic importance of diff- 
erences m fermentative activities Since Braun and Cahn-Bronnei ■‘“ 
studied the Verwendimgsstoffwechsel (appropriative metabolism) of 
typhoid bacillus, this question has not obtained due attention The few 
investigations on bacterial metabolism m which typhoid bacilli were 
involved can be properly appreciated only in connection with the genei al 
pioblems of this kind For that study we refei to Stephenson’s book 
Considerable help in the study of the chemistry of the micro-oigamsms 
should be obtained through the use of cultural mediums of simple or 
known chemical composition, apart from the theoretic and practical 
interest of such mediums in the field of bacterial metabolism For 
instance, Gladstone observed that the formation of Vi antigen 
depends on the presence of dextrose but is independent of the source of 
nitrogen available to the bacillus 

No true exotoxin has ever been found That means that culture 
filtrates from the typhoid bacillus do not contain appreciable amounts 
of poisonous mateiial Only if the bacilli are autolyzed or disrupted 
do toxic components of the bodies go into solution Such solutions are 
called endotoxins, a rather unfortunate term, since it tends to divert 

39 Victonsz, K Zentralbl f Bakt (Abt 1) 142 389 and 404, 1938 

40 Cruickshank, J C J Hyg 35 354, 1935 

41 Kristensen, ML J Hj'g 38 688, 1938 

42 Braun, H , and Cahn-Bronner, C E Biochem Ztschr 131 226 and 272 
1922 

43 Stephenson, M Bacterial Metabolism, ed 2, New York, Longmans Green 
& Co , 1939 

44 Gladstone, G P Brit J Exper Path 18 67, 1937 
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attention from the perception that the poisonous material cannot properly 
be called a toxin One wonders how gieatly progress has been delayed 
by the geneial acceptance of such terms As dissolved bacterial material 
IS thought by many to be a favorable material with which to start 
immunization, methods to achieve disruption with as little damage as 
possible to the antigenic substances have been described repeatedly 
during recent years The old method of repeated alternate freezing 
and thawing (Luedke^®) was recommended by Gi asset and 
Zablocki and Morzycki Grasset found that it is possible to lower 
the toxicity of this antigen Ijy adding formaldehyde Just what the effect 
of formaldehyde is m this case is not clear, as the toxic substance is 
ceitainly not of protenic nature Boivin expressed the opinion that 
the solution of formaldehyde lenders the somatic antigen less soluble, 
an effect which may account foi the lowering of the toxicity m Grasset’s 
anaendotoxm 

K 

A very effective way of disrupting micro-organisms is to treat them 
with supersonic vibrations , this holds true also for typhoid bacilli 
(Chambeis and Flosdorf 

Boivin and Mesrobeanu found that the anUgene complet accounts 
entirely for the toxicity of the bodies of typhoid bacillus This has since 
been confirmed by Topley and his co-workers,^^ Spanedda and 
Henderson and Moigan Spanedda®^ emphasized the similarity of 
the pathologic changes in animals killed by the anhgene coviplet and the 
pathologic features of typhoid fever 

Delafield observed that all these somatic antigens produce a hypei- 
glycemic effect Furthermore, they dimmish the oxygen uptake of 
labbit brain but not of muscle suspensions (Delafield and Smith®®) 
Dennis and Senekjian ®^ reported on the leukocidal effect of typhoid 
filtrates in rabbit and human blood 

According to our expeiience, the extreme loss of weight of such 
animals as survive sublethal doses of the “complete antigen” of typhoid 
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reaches trul} astounding proportions In guinea pigs losses of 50 per 
cent of weight are not uncommon, and the reco\ery requires many 
^^eeks and even months This recalls the familiar picture in the con- 
valescence from tjqihoid feier Further pharmacologic investigation 
of somatic antigens vould be highl} desirable 

The toxic effect of the purified somatic antigen can be prevented by 
active immunization either with whole bacilli or iiith somatic antigen, 
and it can be neutralized specifically by the corresponding immune 
serum This point was especiall)'’ studied by Boivin and Mesrobeanu 
According to our experience, the demonstration of exact stoechiometric 
relations in the neutralizing effect is difficult because neutralization is 
limited to low multiples of lethal doses b} the technical conditions of 
the experiment 

A precise determination of antigen-antibody relations is possible by 
means of precipitation at optimal proportions, and also by determina- 
tion of antibody N (Henderson and Morgan , our own unpublished 
experiments) 

Preparations of “complete antigen” give powerful complement fixa- 
tion with the corresponding rabbit serums but not with horse serums 
(unpublished experiments), an experience wffiich parallels that of Zinsser 
and Parker as regards the behavior of pneumococcic antibody 

There is an important point which requires elucidation Boivin and 
Mesrobeanu^- found that the somatic antigens of all the members of 
the Salmonella group as well as dysenter}, colon and proteus bacilli are 
toxic to a similar degree and kill under s} mptoms ^ er} similar to those 
resulting from the administration of somatic antigen of typhoid bacilli 
These obser^atlons in ammals seem to be in marked contrast to the 
characteristic picture of t}phoid fe\er in man Howe^er, this specificity 
IS onl}' partially real, the pathologic picture of infection with any of the 
\arious members of the Salmonella group, especialh paratyphoid A or 
B is Aery similar to that of infection with the typhoid bacillus if the 
clinical features are those of typhoid fe\er and not of enteritis 

On the other hand, the apparent specificity of enteric infection may 
be purely a question of differences in the quantity of poisonous material 
introduced We know that the tiphoid bacillus and Salmonella para- 
t} phi A, B and C can have a quite peculiar im asi\ e pow er in man, in 
contrast to other members of the Salmonella group Micro-organisms 
capable of existing and multipl}ing in the bod\ haie a greater oppor- 
tunit} to produce a toxic effect than has a transient im ader Therefore, 
for a deeper understanding of the processes m typhoid fever one should 
distinguish betw een the toxic principle and other qualities w hich enable 
the bacillus to maintain itself in the bod} , these qualities we cannot 
define precisel} 

55 Zinsser H and Parker, J T J Exper !iled 37 275, 1923 
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Foi the special case of typhoid infection the puzzle became no less 
intricate b} reason of Felix’ discovery of the Vi antigen In order to 
undei stand the situation we must fiist take inventory of the present 
knowledge of the Vi antigen It is known that this antigen is definitely 
a separate chemical entity It is known that it is many times less toxic 
than the somatic antigen (Boivin and Mesrobeanu , Combiesco and 
Combiesco, Henderson and Morgan 

The Vi antigen is practically always present in strains recently 
isolated fiom human sources, a fact which will be discussed in greater 
detail later on 

Felix originally was induced to connect Yi antigen with “virulence” 
by the obseivation that strains containing it weie more virulent for mice 
than those lacking it (confirmed by Kauffmann But in order to 
weigh this argument one must keep in mind that this difference between 
Vi strains and O strains is a rathei slight one, wheieas an O strain, 
such as the famous 0-901, causes lethal septicemia in white mice in 
doses of about 200,000,000 oiganisms, Vi strains will have the same 
effect in doses of about 50,000,000 organisms 

Felix and Bhatnagar and Kauffmann *** showed that Vi stiains are 
more resistant against phagocytosis and that Vi antibody is necessary 
to lender opsonification of Vi strains effective (In the absence of Vi 
the O antibody is the bearer of the opsonizing qualities, according to 
Bhatnagar®®) The assumption seems not to be unreasonable that Vi 
strains are able to overcome the 4 to 1 numeiical handicap because their 
multiplication is less inhibited by the defenses of the body 

Moreover, the differences between O and Vi strains disappear 
(Scholtens , Henderson®®) if infection of the mice is effected by a 
small number of organisms, a result which one is now in a position to 
achieve by the mucin method (see page 81, last paragraph) Our own 
experiences concur with these observations 

Felix interpieted his experimental lesults with active and passive 
immunity as indicating a relation of Vi antigen to viiulence He found 
that treatment with vaccines made from a Vi strain had a higher 
immunizing power than O vaccines ' This observation was confirmed 
by Topley and his associates It was paralleled by the high protective 
value of Vi antibody against infection with Vi strains Our own exten- 
sive experience leads us to believe that these differences disappear if 
infection is effected by the mucin method, which allows one to work 
with high multiples of lethal doses (10,000 to 100,000 and more) , there 
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IS no summation of tlie protective effect of O and Vi antibody Boivm 
and Boivm and Mesrobeanu recently reported the same observation 

Henderson investigated the problem of passive protection in its 
relation to (o) the amount and (b) the virulence of the micro-organisms 
He concluded that the protection was affected more by the amount than 
by the virulence of the micro-organisms Hence the protective action 
of antityphoid serums seems to resemble more an antitoxic effect than 
an antiinfective one Considerations like this suggest the possibility of 
bringing the differences of observation to a common denominator 

At the present stage of knowledge, it seems to be too early to form 
a definite opinion about the biologic significance of the Vi antigen and 
the antibody against it 

It may be permissible to inseit here a few words regarding the 
efforts that have been made to find in other micro-organisms qualities 
similar to the Vi antigen of the typhoid bacillus Felix and Pitt 
expressed the belief that they had found a Vi antigen in S paratyphi B 
However, Kauffmann held that what Felix and Pitt believed to be 
Vi antigen is in fact the second (V) antigen of S paratyphi B, which 
varies greatly in its quantities from strain to strain 

An antigen identical with the Vi antigen of the typhoid bacillus, as 
far as can be ascertained, was found in several strains of S paratyphi 
C by Kauffmann -® and by Rouchdi Meyer demonstrated recently 
that Vi antigen from S paratyphi C can be absorbed specifically by Vi 
antiserum in contrast to the other somatic factors (see page 73, last 
paragraph) How far Pirosky’s ®® antigen of Pasteurella avium has 
biologic resemblance to the Vi antigen remains to be seen The similar- 
ities mentioned by Pirosky are (1) the fact that this antigen is also an 
additional somatic antigen and (2) that it is precipitable by uranium 
salts 

We have several times given examples of the considerable help 
afforded by an improvement m experimentation with the typhoid bacillus 
This justifies our dwelling on a matter which is in itself purely technical 

Rake,®' following the example set by Nungester and his co-workers ®® 
and Miller ®® with other bacteria, found that the addition of gastric 
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mucin to a suspension of typhoid bacilli enhances the pathogenicity of 
these micro-organisms to such a degree that veiy few are sufficient to 
kill (Fisk,'^® Buttle and others,^’- Henderson and Morgan,’-® Siler'’*) 
The mechanism of the action of mucin is unknown Our own expe- 
riences show that a relatively high concentration of mucin is required, 
namely, about 5 per cent, 3 per cent is inadequate, and 1 per cent is 
practically without eftect We obtained from Dr K Meyer the 
polysaccharide isolated by him from mucin and we ourselves prepared 
similar sugars from the neutral and the acid fraction of mucin, we 
found all these preparations inactive Anderson and Oag arrived at 
similar results According to their findings, the protein fraction 
embraces the enhancing activity Whatever the case may be, mucin 
makes the typhoid bacillus fully virulent for the mouse and permits one 
to experiment under better defined conditions and in a way which is 
similar to true infection 

The investigation of the activity of bacteriophage against the typhoid 
bacillus was given impetus by the finding of Sertic and Boulgakov'’® 
and of Craigie and Brandon that the susceptibility of the organism to 
the action of bacteriophage is closely associated with the presence of Vi 
antigen This has been confirmed in other countries (Scholtens, 
Almon, Read and Stovall Scholtens demonstrated that secondary 
colonies from bacteriophage plaques are O foims*’ Paratyphoid C 
strains adsorb Vi bacteriophages, howevei, they are not dissolved by 
them (Scholtens'”) Craigie and Yen'’® recently found that a number 
of types of bacteriophage against Vi forms exist These are distin- 
guished by their different antigenic qualities and by their action on 
different strains of the organisms It is therefore likely that the typhoid 
bacillus exists in different types whose fine differences are at present 
recognizable only by means of their diffeient susceptibility to the 
different bacteriophages Craigie and Yen’® weie able to demonstrate 
the relative uniformity of strains derived from a common epidemiologic 
source by means of their susceptibility or resistance to different types 
of bacteriophage 
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Scholtens demonstrated ph} sical differences of various antigenic 
t}pes of typhoid bacilli by the method of acid agglutination, Vi forms 
have maximal agglutinabibt} at a pa of about 2 2, v hereas the H antigen 
is agglutinated at about /'h 4 6 These findings are m accordance with 
observations of Malek 

At this place it may be mentioned that some observations of 
Malek’s as well as of Giovanardi’s point to a connection betv een 
Vi and H antigen, which seems to merit further attention Possibly, 
Henderson’s findings on complement fixation of Ine Vi-H bacillus could 
be interpreted m a similar sense 

Rough and smooth forms were show n by Hirsch and Gior anardi 
to be different m their flocculabilit}’- b} acnflavme h} drochlonde , this is 
in correlation wnth the long knowm difference in stabiht}'^ m salt solutions 
The evidence accumulated since Felix’ first description show s that 
practically all strains freshl} isolated from cases of human infection 
contain Vi The data compiled bj'^ different authors (Felix, Krikonan, 
and Reitler , Kauffmann , Bhatnagar and others , Malek , Onetto 
and others , Craigie and Brandon , Almon, Read and Stovall , 
Horgan,®’’ Welch and Mickle®®) differ only in the relative frequency 
of Vi forms and intermediate forms (V-W forms of Kauffmann) 

It seems increasingly adiisable to add Vi antiserum to the usual 
airay of H and O antiserums for routine identification of typhoid 
bacilli isolated from feces, blood and other material The preparation 
of such serum w’^as first feasible only by absorbing serum containing H, 
O and Vi antibody with an OH strain — for instance, H-901 Felix and 
Pitt®® then found more or less rough strains of the t}pe ViH, and 
recently Bhatnagar®® described a stiain of this type, wdiich he obtained 
from Kauffmann, he found it to be so poor in flagellar antigen that 
antiserum prepared with it is practically pure Vi antiserum The avail- 
ability of such strains promises to facilitate greatly the preparation of 
Vi antiserum 
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Felix, Kiikonan and Reitler found Vi antibody in serum from 
patients with typhoid fevei and in serum from typhoid bacillus carriers 
Men behave like animals inasmuch as they also generally show low titers 
of antibodies foi Vi antigen (confirmed by Almon, Read and Stovall ^®) 
On the other hand, it seems that titers as low as 1 10 are significant 
Whereas Vi antibodies are obseived in the seiums of acutely ill persons 
and convalescents only ii regularly, they are found rather constantly 
present m the serum of earners (Felix,”® Bhatnagar,®” Lewin ®^) 
This IS of considerable practical interest, as it furnishes an additional 
diagnostic aid in the detection of carriers 

In this connection, it should be mentioned that carriers haibor, as a 
rule, smooth stiains more oi less iich in Vi and not R strains, as one 
would be inclined to suppose The transition from S into R forms in 
typhoid bacilli seems to he ruled by influences quite other than those 
which lule such a transition in, for instance, the pneumococci One may 
even ask whether R vaiiants of typhoid bacillus are really “ph 3 fsiologic” 
forms or whether they merely appear under the artificial conditions of 
culture 

Active immunization against typhoid fever undeiwent an extensive 
test in the Italian army duimg the Abyssinian campaign (Castellani ®^) 
The Aalue of this experience is somewhat impaired by the fact that the 
piedominance of diseases against which no method of active immuniza- 
tion IS available was similarly diminished by methods of general sanita- 
tion Nevertheless, it is a feat that typhoid fever was practically not 
existent in the Italian aimy 

The question of the best method of active immunization has been 
investigated from a variety of aspects Since Grinnell’s study estab- 
lished the importance of “smoothness” foi the immunizing effect, general 
consent exists over the necessity of using only strict^ smooth strains 
for the preparation of vaccine (see, for instance, the ai tides by Brown 
and Dennis and Berberian ””) Dennis and Senekjian ”” suggested the 
measurement of opsonic activity of human blood as a method of gaging 
immunity Mollari, Reedy and Randall ® found considerable protective 
qualities against infection of the mouse with Salmonella enteritidis, 
which contains the somatic factor “IX” as does the typhoid bacillus in 
human serum after typhoid vaccination 
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A detailed description of the methods used by the United States 
Army Medical School foi the preparation of vaccines was given b} Holt 
and Hitchens The United States Army Medical School also con- 
ducted investigations to deteimine the most appropiiate strain (Siler 
They used protection in mice as a criterion in the evaluation of immuniz- 
ing activity Of special importance seems to be the observation by Siler 
and Dunham'*® that for revaccmation a single small intiadermal injec- 
tion IS as effective as the repeated subcutaneous ones generally used 

Subcutaneous administration of foimaldehyde-killed suspensions of 
typhoid bacilli is still the predominant method Tuft was the first to 
recommend intradeimal vaccination against typhoid fever He found 
that one seventh to one tenth of the usual subcutaneous dose applied 
mtradermally was sufficient to evoke a satisfactory lesponse, and he 
reported considerably fewer undesiiable reactions Perry repoited the 
same results in a moie recent paper 

The oral admmisti ation of vaccine (typhoral [Lilly] preceded by 
bile salts) has met with approval (Crimm and Short Moor and 
Brown*'®®) and criticism (Dennis and Beiberian , ®® Lewm ®') 

Stuart and Knkorian '®'* found detei loi ation of the immunizing 
effect with aging of vaccines This observation may explain why occa- 
sionally vaccines made fiom local strains weie found to be more effective 
than those obtained from abroad (Grasset'®®) 

Grasset and Lewin '®® used successfully alum precipitated, formalde- 
hydized lysates (“anatoxin”) 

Bhatnagar and co-workers '®^ advised not more than a one year 
interval between the first and the second vaccination This opinion 
may be conditioned by the special necessities of India, where this work 
was done The length of time during which antibodies lemain in the 
serum is set forth in Siler’s statistics ®® 

As far as one knows at the piesent time, the usual vaccines do not 
evoke Vi antibody in man (Bhatnagai and others , '®‘ Siler and Dun- 
ham®®) Hence man in his ability to form Vi antibody seems to follow 
the pattern of horses rather than that of rabbits, which are able to 
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respond to foimaldehydized Vi antigen Howevei, m making such a 
statement one must not forget that human beings receive only small 
doses of vaccine in compaiison with the doses used m the hypei immu- 
nization of animals Thus, lacking the means of evoking Vi antibody 
m man, one must legard the question whether Vi antibody would 
improve the pi otection by vaccination as an academic one Whether the 
use of purified antigens in the immunization of man would render it 
possible to obtain Vi antibodies by vaccination is a still unsolved 
problem As pointed out earlier in this article, “complete antigens” are 
fully antigenic in animals , however, the stimulative effect is not quite 
as satisfactory as that of vaccines (Felix and Petrie, our own unpub- 
lished experiences) 

According to Maccohni,^°“ addition of alum, hydrous wool fat and 
other substances us?:d to enhance the immunizing properties of true 
toxin has no effect if the substance is added to “complete antigens ” 

For the treatment of typhoid fevei, vaccines weie used only in a few 
places during recent years Frowley reported on his experiences 
with lysates of typhoid bacilli for therapeutic use, following recommen- 
dations originating from Caronia These lysates are prepared by adding 
human blood to the cultures and allowing it to exercise its bacteriolytic 
power Lewm used “endotoxoid” vaccines, according to Grasset 
(formaldehydized typhoid bacilli lysates) 

Lewm leported favorably on the use of serum prepared by immu- 
nization of horses with the formaldehydized autolysates of Grasset,^® 
thus confirming Grasset’s observation (Gory and Grasset, Grasset 
and Lewm ^^-) 

Even more encoui aging aie reports on the theiapeutic effect of a 
preparation produced by Felix at the Lister Institute Felix and 
Petrie recently described in detail methods foi the preparation of 
such serum, and Fehx,’-^^ his methods of assay The horses are treated 
v;ith vaccines made from O strains killed with alcohol (Felix found that 
such preparations preserve the antigenicity better than the usual formal- 
dehydized vaccines) and subsequently with live rough Vi strains for 
the stimulation of an additional output of A^i antibody 
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The treatment with live bacilli seems to be well toleiated by the 
horses There is only one report (Petrie of bacilluria m a horse 
aftei such treatment, but even this horse did not have positive blood 
cultures The seium is concentrated by salting out with ammonium 
sulfate Reports are uniformly favorable as to the effect of the serum 
on moitahty, fevei, toxic symptoms and duration of the disease 
(Felix, McSweeney , Robertson and Yu,^^^ Lewm,®^ Cookson 
and Facey^^®) 

It IS generally agreed that the earlier during the course of the infec- 
tion serum treatment is started the gi eater is the expectancy of a satis- 
factory result 

The prophylactic use of such serum was attempted recently during 
a local epidemic in England (Fenton and Hay The authors have 
abstained from any definite statement as to its usefulness, because of 
the small number of persons treated Their experience seems to justify 
their recommendation of further trials m that direction Topley^"® 
discussed the advisability of combining prophylactic application of serum 
with active immunization by vaccine in cases m which there is immediate 
danger of infection, m such cases the passive immunization could pos- 
sibly bridge the interval between the beginning of active immunization 
and the point at which actual active immunity is achieved 

Shwartzman, Baehr and Hollingsworth^-^ leported on a senes of 
80 cases of typhoid fever in which treatment was carried on with a 
serum obtained from horses immunized with typhoid filtrates The 
inhibitive effect on the Shwartzman phenomenon u as used as the experi- 
mental measure of the activity of the serum (Shwartzman 

A study of Rosenheim on the action of enzymes may be men- 
tioned here as a possible first step in the direction of futuie purification 
of typhoid antiserum parallel to recent methods of treatment of anti- 
toxins (Weil, Parfentjev and Bowman Rosenheim found O anti- 
bodies easily destroyable by pepsin, trypsin and papain H antibodies 
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obtained from lioises immunized for seveial weeks behave m much the 
same way Howevei, serum from lioises immunized for a longer period 
were found to contain an H antibody considerably more lesistant to the 
action of pepsin and tiypsin — an inteiesting example of vai lability of 
antibodies 

Asheshov, Wilson and Topley^-“ obtained a remarkable therapeutic 
effect with bacteriophage m experimental typhoid infection of mice when 
miciobes and bacteriophage were injected simultaneously The effect 
was considerably lessened if bactei lophage was introduced four hours 
post infectioncm The results were confirmed by Fisk One will 
recall the Fiench endeavois of ti eating typhoid fever with bacteriophage 
(d’Herelle 

As in almost eveiy other disease, sulfanilamide has been tried in the 
treatment of typhoid fever Buttle found some activity of the drug 
m expeiimental infection of mice McIntosh and Whitby^-® found that 
agglutinins developed in mice infected with sublethal doses of the Vi 
strain the same as m the contiols There have since been a few clinical 
trials (Diefenbacli and Yuskis,^-” Barum^®°) The small number of 
patients treated does not allow one to draw conclusions as to the effect 
of the drug 

Our insight into the causes which make the typhoid bacillus (in 
contrast to so many other related micro-organisms) the etiologic agent 
of a disease stnctlj confined to man and characteristic in its pathologic 
effect is poor A wide field for the experimental pathologist is still open 
here We have clues in different directions which could help in start- 
ing an analysis by methods of expeiinientation Oeiskov and Kauff- 
mann studied the manner of infection with different membeis of the 
Salmonella group in mice Within the Salmonella group one finds all 
types of infectivity for mice , infection with the typhoid bacillus i equires 
a very large number of oiganisms even when these are intioduced paren- 
terally, unless helped by the addition of mucin, S paratj^phi B is 
lethal when introduced parenterally in moderate numbers (thousands) , 
Salmonella breslau introduced orally gives rise to a general infection 
Oerskov demonstrated that all these bactei la are able to penetrate the 
enteric wall and yet they do not progress farther than the regional lymph 
glands, with the exception of the Breslau bacilli, which migrate through 

125 Asheshov, J N , Wilson, J , and Topley, W W C Lancet 1 319, 1937 
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127 Buttle, G A H Lancet 2 1076, 1937 Buttle and others 
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1938 
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the lymph glands into the general circulation and are thence earned into 
the organs, wheie they multiply and reenter the blood stream when 
multiplication has progressed further, finally the organisms reappear in 
the feces (if death has not intervened) There is good reason to believe 
that human typhoid fevei is essentially similar to the Breslau infection 
in the mouse 

But with this analogy knowledge comes to an end All the data 
mentioned m this review do not give a satisfactory explanation of the 
underlying differences between the typhoid bacillus and its harmless 
and often commensal relatives 

A method of analysis which may help to solve this problem is indi- 
cated by the recent work of Goodpasture and Anderson These 
investigators started by observing the processes which take place when 
the chorioallantoid membrane of the chick embryo is infected with the 
typhoid bacillus , they demonstrated that the reaction differs greatly 
from that to other micro-organisms They found that the growth of the 
typhoid bacillus occurs preponderantly within the body of certain cells, 
which they identified as plasma cells (It would be interesting to know 
with what variant of the typhoid bacillus these experiments were done ) 
In a subsequent study, Goodpasture found a quite similar situation 
in human material He demonstrated that here also the typhoid bacillus 
is taken up into the bodies of the plasma cells and that it multiplies theie 
The destruction of typhoid bacilli takes place only if the plasma cells 
filled with bacilli or the free micro-organisms are phagocytosed by macro- 
phages These observations show how careful one should be with the 
equation phagocytosis = defense reaction Goodpasture has not yet 
included other gram-negative rods of the colon bacillus-dysentery 
bacillus-Salmonella gioup in his experiments, therefore the question is 
still open as to whether the typhoid bacillus occupies an exceptional 
position within this gioup 
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133 Goodpasture, E W Am J Path 13 175, 1937 



Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
Etc — The American Society for Experimental Pathology has elected E W Good- 
pasture, president, Shields Warren, vice president, Paul R Cannon, secretary- 
treasurer The next meeting will be held in New Orleans m March 1940, in 
conjunction with the Federation of American Societies for Experimental Biology 
On account of Robert Afoore assuming the professorship of pathology m Wash- 
ington University School of Medicine, St Louis, Charles T Olcott has been elected 
secretarj’- of the New York Pathological Society 

Institute on Blood Diseases — The Universitj’’ of Wisconsin Medical School 
is to conduct an institute for the consideration of blood and blood-forming organs. 
Sept 4 to 6, 1939 The program will include reading of papers and round table 
discussions by European and American workers in the field of hematolog) For- 
mal papers will be presented by the following 

L J Witts, Oxford, England “Anemias Due to Iron Deficiency" 

Cecil J Watson, Minneapolis “The Porplnrins and Diseases of the Blood” 
Cornelius P Rhoads, New York “Aplastic Anemia” 

E Meulengracht, Copenhagen “Some Etiological Factors in Pernicious Anemia 
and Related Macrocytic Anemias” 

Harry Eagle, Baltimore “The Coagulation of Blood” 

George R Minot, Boston “Anemias of Nutritional Deficiency” 

Russell L Haden, Cleveland “The Nature of the Hemolytic Anemias” 

Jacob Furth, New York “Experimental Leukemia” 

Claude E Forkner, New York “Monocytic Leukemia and Aleukocythemic 
Leukemia” 

Edward B Krumbhaar, Philadelphia “Hodgkin’s Disease” 

Louis K Diamond, Boston “The Erythroblastic Anemias” 

Edwin E Osgood, Portland, Ore “Marrow Cultures” 

Charles A Doan, Columbus, Ohio “The Reticulo-Endothelial Sj'stem’ 

Hal Downey, Minneapolis “Infectious Mononucleosis” 

Paul Reznikoff, New York “Polycythemia” 

Physicians and others who are interested are cordially invited A detailed 
program may be obtained by addressing Ovid O Meyer, chairman of the Program 
Committee, University of Wisconsin Medical School, Madison, Wis 

Society News — The annual meeting of the Biological Photographic Associa- 
tion will be held September 14-16, at the Mellon Institute for Industrial Research, 
Pittsburgh The program will be of interest to scientific photographers, scientists 
who use photography as an aid in their work, teachers in the biologic fields, tech- 
nical experts and serious amateurs It will include discussions of motion picture 
and still photography, photomicrography, color and monochrome films, processing 
and other procedures m the field of scientific illustrating Up-to-date equipment 
will be shown in the technical exhibit, and the print salon will display the work 
of many of the leading biologic photographers here and abroad The Biological 
Photogiaphic Association Journal is published quarterly, constituting a volume of 
about 250 pages, which is furnished free to members Membership privileges 
include the use of an authoritative question and answer service and the right to 
borrow loan albums and exhibits of scientific prints for study and display For 
further information, write to the Secretary of the Biological Photographic Asso- 
ciation, University Office, Alagee Hospital, Pittsbuigh 
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Abstracts from Current Literature 

To Save Space the Original Titles of Abstracted Articles Sometimes 

Are Shortened 


Experimental Pathology and Pathologic Physiology 

Regeneration of the Adrenal Gland Following Enucleation D J Ingle 
and G M Higgins, Am J M Sc 196 232, 1938 

When one adrenal gland is enucleated and the other removed, adequate cortical 
regeneration proceeds ^vlthln the enucleated gland When one adrenal gland is 
enucleated and the other left intact, there is no, or only very slight, regeneration 
within the enucleated gland The presence of the functioning gland suppresses 
regeneration within the enucleated gland If a normal adrenal gland is removed 
eight weeks after enucleation of the other gland, regeneration within the enucleated 
gland IS then stimulated to occur in the normal way Daily oral administration 
of 5 cc of an extract of adrenal cortex completely suppresses regeneration within 
an enucleated gland even when the other adrenal gland has been removed Sub- 
cutaneous administration of amounts of the extract comparable to those given 
by mouth will restrict but not completely suppress cortical regeneration within 
the enucleated gland Hypophysectomy coupled with enucleation of both adrenal 
glands completely suppresses regeneration of the cortical tissue In the presence 
of half of the anterior lobe of the pituitary there is normal regeneration in the 
enucleated adrenal glands From Authors’ Summary 

Effect of Sex Hormones on the Renal Excretion of Electrolttes G W 
Thorn and L L Engel, J Exper Med 68 299, 1938 

In normal male dogs subcutaneous injections of progesterone, estrone (i e, 
theelin), alpha-estradiol or testosterone propionate were followed by decreases in 
the sodium and chloride excreted in the urine Marked differences were noted 
in the potency of these compounds and in the duration of the effects following 
single subcutaneous injections The injection of estrone, alpha-estradiol or testo- 
sterone propionate was followed by a decrease in the inorganic phosphorus and 
total nitrogen excreted in the urine On the day of injection of progesterone, 
estrone, alpha-estradiol or testosterone propionate a slight increase in the potas- 
sium excreted in the urine frequently followed Experiments on adrenalectom- 
ized dogs indicated that the effect of the gonadotropic substances on the renal 
excretion of electrolytes was not necessarily mediated through the adrenal gland 
With the possible exception of progesterone, none of the compounds studied was 
effective in prolonging the life of adrenalectomized male dogs 

From Authors’ Summary 

Experijiental Choleci stitis H G Aronsohn and E Andrews, Surg , Gynec 
&. Obst 66 748, 1938 

By retrograde introduction of a fine ureteral catheter through an opening 
in the common duct and subsequent plastic repair of the latter a nontraumatic 
technic was devised for introducing substances into the dog’s gallbladder Most 
strains of bacteria, even when injected in overwhelming numbers, did not cause 
cholecystitis unless trauma was an added factor Carbon dioxide and chlorine 
were absorbed rapidly from the normal gallbladder, while phosphorus was 
excreted, but an unknown anion accounted for much of the acidification Egg 
albumin injected into a dog’s gallbladder set up acute inflammation An injec- 
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tion of bile salts produced changes which on gross and microscopic examination 
closely resembled those found in human cholecystitis The differences in the 
activity of different fractions of bile were mainly quantitative, desoxycholic acid 
proved to be the most effective fraction, causing gangrene of the gallbladder 
and death of the animal in many instances, while purified and hydrolyzed bile 
salts were somewhat weaker Glycocholic acid caused a marked reaction only 
in the higher concentrations Deproteimzed dog or ox bile left the wall of the 
dog’s gallbladder unchanged No protective action of protein, as described in 
the literature, could be demonstrated Replacement of normal dog bile by bile 
concentrated to about half its volume had a marked effect Changes in the 
hydrogen ion concentration of bile rarely brought about a reaction in the wall 
of the gallbladder unless they were extreme, less than 3 and greater than 10 
Such ranges are not likely to arise in man The toxic effect of bile salts is not 
due to a change in their hydrogen ion concentration It is possible to produce 
experimentally an allergic condition in the gallbladder Intravenously injected 
egg albumin caused edema of the gallbladder wall m previously sensitized dogs, 
while it caused no reaction in control animals A pronounced edema was pro- 
duced by intravenously injected bile salts This was observed to occur within 
three minutes after the injection It is suggested that a temporary increase in 
the concentration of bile salts in the human gallbladder brings about chole- 
cystitis From Authors’ Summary (Warren C Hunter) 

Bone Changes in Experimental Hveerth^tioidism and in Exoihthalmic 
Goiter J Martos, Beitr z path Anat u z allg Path 100 293, 1938 

Experimental hyperth 3 T 0 idism in rabbits and guinea pigs, induced by multiple 
subcutaneous injections of thyroxin, brought about osteoclastic lacunar atrophy, 
most pronounced in the tibia and mandibles Systematic investigation of the 
skeletal systems of 12 persons with exophthalmic goiter revealed nonspecific 
osteoclastic lacunar atrophy in eleven, most intense in the femur and accom- 
panied by proliferation of a fiber-rich connective tissue in the secondarily dilated 
haversian canals In places these changes completely mimicked generalized 
fibrous osteitis The differences between the bony lesions in man and experi- 
mental animals were essentially quantitative, the lesions in the former were 
more intense because of their longer duration No anatomic changes were present 
in the parathyroid glands 

The author agrees with Askanazy that thyroxin is the immediate etiologic 
factor, and the atrophy of bone is the result of hj'perfunction of the thyroid 

R T Lebowich 

Pathologic Anatomy 

Varieties of Single Coronar\ Artery in Man, Occurring as Isolated Cardiac 
Anomalies E B Krumbhaar and W E Ehrich, Am J M Sc 196 407, 
1938 

Two cases of absence of a coronary artery are reported, in both of which the 
observation was incidental at autopsy, the anomaly apparently having caused no 
damage to the myocardium In the first case a large left coronary artery continued 
around the auricular-ventricular groove to the anterior surface of the right ventricle, 
giving off branches that corresponded to those normallj’- given off by both arteries 
(Hyrtl’s type of absence of the coronarj^ arter}^ In the second case a large right 
coronary artery supplied most of the heart with conventional branches Near its 
origin, however, it gave off one large anomalous branch, which passed behind the 
aorta to supply a good part of the left ventricle, and another, to the ventricular 
septum The possibility must be considered that the former of these represented 
a true left coronary artery arising from a misplaced anlage, though the similar 
cases of Bochdalek and Sanes make this very unlikely Other cases of absence of 
a coronary artery or possibly of misplacement of the anlage are tabulated, all but 
3 of which fall into two groups corresponding to the tj'pes described here 

From Authors’ Summary 
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Blood Vessels in Lungs R D Weight, J Path & Bact 47 489, 1938 

In lungs from human cadavers the pulmonary and bronchial arteries and their 
branches have been injected to show their distribution in pathologic lesions Pro- 
liferative tuberculous lesions and actively growing chorionic carcinomas are avas- 
cular The fibrous scars of tuberculous and silicotic lesions have vessels injected 
from the bronchial artery The vessels which develop in fibrosarcomas growing in 
the lung are injected from the bronchial arteries If in the adult lung there 
develops a tissue which is usually supplied from the systemic arterial circulation, 
the vessels which grow with it are injected from the bronchial artery This 
development of new vessels from the systemic arteries may be closely linked with 
the excitation of collagenous tissue to further development, irrespective of the 
nature of the agent causing the collagenous proliferation 

From Author’s Summary 

Genetics of Transposition of Viscera E A Cockayne, Quart J Med 7 
479, 1938 

The thoracic and abdominal organs are at first median and symmetric Trans- 
position of the viscera consists in formation of a sinistral instead of a dextral 
spiral Complete transposition of the viscera is inherited as a recessive and is 
determined by a single autosomal gene Proofs of this are found in its familial 
incidence and general distribution within a family, its occurrence in both twins 
of a monozygotic pair and the high percentage of marriages between first cousins 
that give rise to it (6 in 52 consecutive fraternities) The ratio of affected to 
normal sibs in the fraternities, so far as this can be ascertained, agrees with that 
expected of a recessive character An exceptional case of monozygotic twins, 
one normal and the other with transposed viscera, has been recorded Either 
somatic mutation or the loss of an autosomal chromosome would account for 
this Most authors state that there is a great excess of males with the condition, 
but in my series the excess of males is small The incidence of congenital morbus 
cordis IS abnormally high in complete transposition of the viscera, and, accord- 
ing to Kartagener, bronchiectasis is commoner than m normal persons There 
are three forms of partial, transposition of the viscera that affecting both 
thoracic and abdominal organs, that affecting only the thoracic organs and that 
affecting only the abdominal organs Their relationship to one another and to 
complete transposition is discussed Ways by which the genetic identity of the 
three different forms of partial transposition with one anther and with complete 
transposition can be proved or disproved are given For the following reasons it is 
suggested that all are determined by the same gene rather than by a series of 
allelomorphic genes The three fcims of partial transposition are not sharply 
separated, i e, there is almost perfect gradation leading up to complete trans- 
position Congenital morbus cordis is much commoner m partial than in com- 
plete transposition, and the anomalies of development of the thoracic and abdominal 
organs that occur occasionallv in the complete form are much commoner m 
the incomplete forms Developmental anomalies are more likely to occur with 
sinistral than with dextral rotation of the viscera, even when sinistral rotation 
IS complete, they are much commoner, however when sinistral rotation is incom- 
plete Since many of the anomalies shorten life the gene is partially lethal 

From Author’s Summary 

Elective Insulyr (Par\-) Amyloidosis of thf Paxcreas N Glli irstfdt, 
Beitr z path Anat u z allg Path 101 1, 1938 

In 181 autopsies, including onlv 3 on patients \Mth diabetes, insular amyloid was 
revealed m the pancreases of about 45 per cent of the persons over 50 jears of 
age In vounger persons such deposition of amyloid was extremely rare and never 
scYere The deposits of amyloid are interpreted as a peculiar morphologic 
expression of senihtv So-called hj aline degeneration of the islets of Langerhans 
in diabetes mellitus is identical with insular aimloidosis and is not specific 

R J Lebowich 
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Genesis of Congenital Hydrops G Liebegott, Beitr z path A.nat u z allg 
Path 101 319, 1938 

In 2 instances of congenital hydrops there was observed, in addition to the 
usual anatomic changes, pronounced enlargement of the strikingly numerous islets 
of Langerhans m the pancreas and marked increase in the width of the zona 
reticularis of the adrenal gland, the cells of which in the sudan preparations were 
loaded with neutral fat These changes were accompanied by massive storage of 
glycogen m the myocardium, which was interpreted as an expression of hyper- 
insulinism It is conjectured that the hyperplasia of the islets is related to a dis- 
turbance of the maternal carbohydrate metabolism, and this conjecture is to be 
subjected to experimental investigation j Lebowich 

Hypertelorism (Greig) K Bojlen and T Brems, Acta path et microbiol 
Scandinav 15 217, 1938 

Since 1924, when Greig described the condition of ocular hypertelorism, 42 
cases purporting to be cases of this anomaly have been reported On critical 
analysis of the reports it is found that only 27 of the 42 cases may be taken with 
a fair degree of certainty to be cases of hypertelorism in the sense defined by 
Greig Some of the errors in diagnosis are attributable to the difficultv of differ- 
entiating between this anomaly and other malformations that may be associated 
with great breadth between the eyes (congenital facial or nasal clefts, tumor 
formation over the root of the nose, Apert’s and Crouzon’s cranial dysostoses) 
On the basis of these 27 rather well established cases of hvpertelorism and 
the cases recorded in the present article, a review is given of the symptom complex 
of this deformity (the question of defective intelligence, the physiognomic charac- 
teristics and the combination with other deformities and diseases) As to the 
mental defect in particular, this is by no means a constant feature of the symptom 
complex, even though the combination of hypertelorism and mental defect probably 
occurs too often to be considered an accidental coincidence 

Familial hypertelorism is not recognized generally to occur In this paper 
mention is made of 11 cases among 24 members of the same family, hypertelorism 
appearing through five generations as a hereditar}’^ deformity, transmitted as a 
dominant character So in these cases the question of heredity is elucidated fully 
As to the causes and pathogenesis, the cases reported here furnish no evidence 
in support of new views It is a question whether hypertelorism represents a 
primary disturbance in the development of the bones that may be accompanied 
by disturbances in the development of the brain, or whetlier it represents a primary 
disturbance in the development of the brain that needs not result m mental defect 
The hereditary appearance of the deformity m our cases suggests that the primary 
factor might be looked for m an anomalous development of the prosencephalon 

From Authors’ Summary 

Pathologic Chemistry and Physics 

Roentgen Ray Diffraction Analysis as Applied in Pneumonoconiosis 
H C SwEANY and R Klaas, JAMA 112 610, 1939 
Roentgen ray diffraction analysis is characterized first of all by its great 
specificity Nearly all crystalline compounds give patterns each distinctly 
different from the others Hence, when chemical methods are not available for 
identification of the type of silica present and when microscopic methods are 
inadequate for the study of mineral particles of the size encountered in tissue, the 
roentgen method gives definite information as to the identity of the crystalline 
substances present Furthermore, a comparison of the patterns with regard to 
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the nature of the lines, i e , whether they are smooth or dotted, indicates that 
there is a variation in size of particles from case to case In general, it may be 
concluded that the particles are 1 micron or less in diameter Further work 
remains to be done on this aspect of the problem 

Another advantage of the roentgen technic described is that the tissue can be 
used for analysis unmodified by chemical treatment Whenever the tissue is 
digested with some reagent one must make the questionable assumption that no 
changes take place in the mineral deposits In the authors’ work such an assump- 
tion has been unnecessary 

A further significant feature is the great sensitivitj' of the method With the 
present technic the authors are able to detect quartz in a concentration as low as 
0 2 per cent This concentration has been found in previous work to constitute 
the threshold of the pathologic level Hence, the finding of a faint line on the 
roentgen film corresponding to the 3 34 angstrom unit spacing of quartz appears 
to be a good indication of the presence of sufficient quartz to have already caused, 
or to be in the process of causing, specific fibrosis in the tissue Thus the method 
should be of value m medicolegal work whenever difficulty is experienced m 
determining the presence or absence of silicosis From Authors’ Summary 

Behavior of the Hemoglobin After Blood Transfusion W L Sibley and 

J S Lundy, Surg, Gynec & Obst 67 293, 1938 

In the average case in which 500 cc of citrated blood was given by transfusion 
there was an increase in hemoglobin of about 1 5 Gm m 100 cc of blood (about 
9 per cent) This took place at the end of the second day after transfusion The 
addition to the hemoglobin tended to decrease to about 1 Gm m 100 cc by the 
tenth day after transfusion An increase m the hemoglobin of 2 12 to 2 8 Gm 
m 100 cc (12 72 to 16 8 per cent) could be anticipated in cases m which the patient 
showed no reaction or bleeding following transfusion The amount of increase in 
the hemoglobin of the recipient of 500 cc of citrated blood was directly propor- 
tional to the value for hemoglobin before the transfusion As a rule, there was 
definitely less increase (usually 50 per cent) m the hemoglobin of the recipient 
when a reaction to transfusion occurred than when none occurred 

Froji the Authors’ Summary (Warren C Hunter) 

Disaggregation of Proteins by Enzymes C G Pope, Bnt J Exper Path 

19 245, 1938 

A preliminary report is made on the action of fibrinolysin in producing dis- 
aggregation of the molecule of antitoxic pseudoglobuhn into its protein components, 
each having different physical and chemical properties Such action is not limited 
to fibrinolysin but appears to be a property of all proteolytic enzymes, provided 
they are used under the correct conditions By taking advantage of this property 
of enzymes. Pope evolved a method of critical differential heat denaturation for 
the further purification of antitoxins To be of use m this method the action of 
the enzymes must be so limited that no hydrolysis or digestion m the generally 
accepted sense takes place, if tins occurs, differential denaturation fails, because 
obviously it cannot affect noncoagulable protein fragments Based on the methods 
outlined, a process for large scale purification of antitoxins has been evolved and 
will foim the subject of other papers As a point of interest it may be stated 
that by the use of these methods antitoxin has been prepared experimentally which 
IS of such purity that all the protein present can be specifically precipitated by 
diphtheria toxin From Author’s Summary 

Diffuse Endocardial Thickening in Infants H Loh, Beitr z path Anat 
u z allg Path 101 253, 1938 

In 3 instances of diffuse and uniform fibrosis of the endocardium of the left 
and right ventricles of the infant heart, errors of development were observed. 
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such as hypoplasia of the right ventricle After exclusion of a thrombotic and 
an inflammatory origin it was concluded that diffuse endocardial fibrosis represents 
a developmental error r j Lebowich 

Microbiology and Parasitology 

Passage of Pneumococci Into Lymphatics R Z Schulz, M F Warren 
and C K Drinker, J Exper Med 68 251, 1938 

When type III pneumococci that were virulent for rabbits were instilled into 
the nose or trachea of the animal, they were recovered in the lymph collected 
from the lymphatics draining the area involved, during a subsequent four hour 
period The detection of the organisms rarely failed and not infrequently was 
possible at the end of the first hour Practically invariably the organisms appeared 
in the lymphatics and subsequently in a few cases in the blood during the four 
hour test period Intravenous administration of antiserum two and one-half to 
three hours before the instillation of the organisms decreased the number of 
animals m which the lymph or the blood was shown to contain the organisms and 
the total length of time during which the organisms were recoverable in lymph 
from the efferent lymphatics during the test period 

From Authors’ Summary 

Propagation of Influenza Virus in Guinea Pig Fetus O C Woolpert 
and others, J Exper Med 68 313, 1938 

The PR8 strain of the virus of human influenza was found to proliferate and 
disseminate widely m the tissues of fetal guinea pigs, inoculated in utero After 
incubation periods ranging from two to six days, large quantities of the virus, free 
from bacteria, were recovered from lung, liver and placenta and smaller quantities 
from blood and brain Although the fetuses proved to be excellent for the propa- 
gation of the virus, they evinced grossly little reaction to the infection Several 
series of passages from fetus to fetus were accomplished , one consisted of 10 
transfers and another of 16 For serial passage the virus was inoculated intra- 
cerebrally into half-grown fetuses, and the fetal lungs were harvested forty-eight 
hours later as a source of virus for submoculation It is concluded that multi- 
plication of the virus occurred in the lungs particularly, a conclusion which may 
be considered a significant reaffirmation of the statement that this virus shows 
pneumonotropic tendencies Following passage m series the virus was found, on 
the basis of cross immunity and cross neutralization tests, to be immunologically 
identical with the mouse passage virus from which it was derived Other prop- 
erties also appeared to be unaltered by passage of the virus under these conditions 

From' Authors’ Summary 

Conditions in the Skin of Tuberculous Guinea Pigs as Demonstrated with 
A Vital Dye A L Joyner and F R Sabin, J Exper Med 68 325, 1938 

The skin of tuberculous guinea pigs while it is allergic peimits the spread of 
a vital dye, pontamine sky blue, and the drainage of the dye into the vascular 
system to take place much more slowly than in the normal animal The skin of 
moribund tuberculous guinea pigs, animals no longer allergic, permits dye to 
spread more rapidly than in the normal animal In the skin of guinea pigs infected 
with a hemolytic streptococcus the spread of dye was found to be somewhat 
restricted These animals were allergic The observations suggest that the dve 
method may disclose altered tissue conditions in the allergic state 

From Authors’ Summary 

Cellular Reactions to Tuberculo-Proteins F R Sabin, J Exper Med 
68 837, 1938 

Tuberculoprotem in solution induces formation of monocytes in animals that 
are normal and tubercles of epithelioid cells m animals that are tuberculous 
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Freshly precipitated tuberculopioteins from the culture mediums and from the 
bacilli induce moderate formation of epithelioid cells in normal animals and more 
marked formation of such cells in the tuberculous Insoluable forms of tuberculo- 
protein induce complex, tuberculous tissue in normal animals This action is 
enhanced in the tuberculous animals From Author’s Summary 

Cellular Reactions to Defatted Tubercle Bacilli F R Sabin and A L 
Joyner, J Exper Med 68 853, 1938 

The cellular reactions to defatted tubercle bacilli are complex and like those 
to heat-killed whole tubercle bacilli The firmly bound lipid when removed from 
these organisms is nonacidfast, it contains a hydroxy acid which is acid-fast and 
a polysaccharide which is not This hjdroxy acid gives rise to foreign body giant 
cells, and the tissues eventually become infiltrated with eosinophils The poly- 
saccharides from the defatted bacilli and from the unfiltrable lipid call neutrophils 
from the blood stream The reactions to the unfiltrable lipid include those to 
both its constituents From Authors’ Summary 

On the Inheritance or the Agglutinogens A, B, M and N F E Holeord, 
J Infect Dis 63 287, 1938 

The adequacy of the reagents and technics employed m the determination of 
the agglutinogens A, B, M and N was tested, with satisfactory results, m a random 
sample comprising 1,100 persons A more critical test was represented in a study 
of the inheritance of the same agglutinogens m 100 families with 234 children, 
it revealed no exceptions to the theory of Bernstein or of Landsteiner and Levine 
and showed a close approximation of the observed values to the theoretic require- 
ments A study of 124 mothers with 277 children offered further confirmation of 
the adequacy of the reagents and procedures employed 

The data, showing no exceptions to the requirements of the theories of Bernstein 
and of Landsteiner and Levine, offer further confirmation of those theories 

From Author’s Summary 

Tomato Bushy Stunt Virus F C Bawden and N W Pirie, Brit J Exper 
Path 19 264, 1938 

The isolation of a protein, piobably the virus itself, from plants infected with 
tomato Bushy stunt virus is described Not only does this protein differ from the 
normal plant proteins, but it differs more from the other purified plant viruses 
than these differ from one another It is fully crystalline instead of liquid 
crystalline It has a higher nucleic acid content than tobacco mosaic virus or 
the X virus of potato and is more stable toward pu changes but less stable toward 
dehydrating agents Its particles are not elongated, and liquid and solid prepara- 
tions are isotropic One cubic centimeter of a solution containing 10“'^ Gm pro- 
duces infections when rubbed on to Nicotiana glutinosa, and 1 cc containing 
10~® Gm gives a specific precipitate with antiserum Precipitates of the rod-shaped 
viruses obtained with their antiserum resemble those obtained with bacterial 
flagellar (H) antigens, but those of Bushy stunt virus resemble those obtained 
with somatic (O) antigens When irradiated with ultraviolet rays or treated with 
nitrous acid, the virus loses its mfectivity, but it can still be crystallized and it 
still retains its serologic activity From Authors’ Summary 

Cytoplasmic Inclusions in the Engorging Tick J D Gregson, J Path & 
Bact 47 143, 1938 

Cytoplasmic inclusion bodies of the engorging gut cells of Dermacentor ander- 
som, resembling m many ways certain living symbionts, are described with refer- 
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ence to their staining reactions and morphologic appearances They are globoid, 
and they grow in size from ultramicroscopic dimensions to IS microns in diameter 
They are exceedingly resistant to strong salt solutions, acetic acid and fat solvents 
They react feebly with all stains except Mallory’s triple stain, in which they are 
colored crimson , bodies appearing blue by this method are thought to be old and 
disintegrating Other inclusion bodies exhibiting similar appearances and staining 
reactions are described within the engorging tick, and an attempt is made to 
establish a lelationship between them that might lead to understanding of their 
origin and fate and of their relation to the tick These other bodies have been 
noted m the tick’s hypodermal cells, ova, spermatozoa and phagocytic cells and in 
surrounding muscle fibers To date no success has followed various attempts to 
culture these bodies, although in several instances forms suggestive of binary fission 
have been noted From Author’s Summary 

Tissue Affinities of Vaccine Virus C Levaditi, R Fasquelle, L Reinie 
and R Schoen, Ann Inst Pasteur 60 142, 1938 

Vaccine virus is composed of two elements, one (E) having an affinity for 
ectodermal tissue and the other (M) having an affinity for mesodermal tissue In 
bovine dermovaccme the E elements predominate, but in rabbit neurovaccme the 
M factors are dominant 

Dermovaccme of bovine origin produces little or no reaction when injected 
intraperitoneallj’^ or intrapleurally into rabbits Neurovaccme gives marked pleural 
and peritoneal reactions when injected m the Mays named 

Dermotropic virus shows a strong affinity for the glandular and excretory 
organs (kidney and liver) but little affinity for hemopoietic tissue (bone marrow, 
spleen and lymph nodes) when inoculated directly into these organs When 
inoculation is made into organs directly', the functional character of the organs 
dominates over the factor of embryonic origin, so that organs of mesodermic deri- 
vation are invaded by dermovaccme The mesodermotropic virus attacks both 
groups of organs The lymph nodes are least frequently invaded by either virus 

Different strains of dermotropic virus vary' greatly m tlieir power to produce 
encephalitis Dermovaccme may' become quantitatively transformed into neuro- 
vaccine by' successive intracerebral inoculations into rabbits, so that the epitheho- 
tropic property (E) of Jennenan vaccine becomes secondary' to the neurotropic 
property (M) Nerve tissue and sometimes testicular tissue are selectiv'e for 
dissociation of E to M This transformation may' be produced also by inoculation 
into embry'onic tissue or by passage through certain animal species, especially the 
rabbit 

This selective transformation is not reversible If neurovaccme is inoculated 
intradermally into calves, no macroscopic pustules are produced The v'lrus can 
be recovered from microscopic edematous lesions and is unaltered in its neurotropic 
properties Serial transfer from calf to calf results in typical pustules after about 
the third passage In spite of this enhanced cutaneous v'lrulence for the calf, the 
recovered virus still produces pleuroperitoneal lesions and encephalitis in the 
rabbit , i e , the mesodermatropic affinities are unaltered or may' even be augmented 

J B Gunnison 


Immunology 

Tuberculin Protein and Polysaccharide Molecules F B Seibert and others, 
J Exper Med 68 413, 1938 

Studies have been made by means of sedimentation in the ultiacentnfuge and 
by diffusion and electrophoresis to determine the molecular weights and homo- 
geneitv of the tuberculoprotein and polysaccharide molecules as found in their 
natural state in unchanged filtrates from culture mediums after growth of tubercle 
bacilli These results have been compared with data obtained on fractions isolated 
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from them oi from old tuberculin by chemical procedures By means of electro- 
phoresis in the Tiselius apparatus it was possible to separate the protein from 
the polysaccharide as these two fractions occur naturally in the filtrates from 
the original culture mediums that have supported growth of acid-fast bacilli 

Feoje Authors’ Sumaiary 

Aistilymphocvtic Serum W B Chew and T S Lawrence, J Immunol 33 
271, 1937 

Rabbits were each given twenty-one daily intravenous injections of 0 1 cc of 
lymphocytes These cells had been obtained by giindmg lymph nodes of guinea 

pigs, suspending the pulp m saline solution and filtering A control serum was 

prepared by inoculating rabbits with suspensions of ground liver and kidney from 
mice Both serums were absorbed repeatedly with the red cells of guinea pigs 
to remove the hemolytic action and then with the red cells of sheep to remove 
the Forssman heterophilic fraction They were then inactivated, preserved with 
phenol and passed through a Seitz filter When guinea pigs were given intra- 

cardial injections of from 0 25 to 0 35 cc of the serum, which was very toxic in 

higher doses, the lymphocytes dropped within a few minutes from an average of 
over 3,000 to less than 1,000 per cubic millimeter and remained at this level for 
about SIX hours, after which their number increased gradually The number of 
neutrophils decreased similarly but onlj for about one hour and then rose rapidly 
The control serum was not toxic and caused only a brief rise m lymphocytes 
Intra-abdcmmal injections of the immune serum produced a similar drop in 
lymphocytes, except that the minimum level lasted longer, there was no drop in 
the neutrophils, but a marked rise Repeated intra-abdominal injections brought 
about a drop m lymphocytes which continued during the entire period of treatment, 
while the neutrophils showed rises separated by drops At necropsy the lymphoid 
tissues were hyperplastic in all animals, including the controls The bone marrow 
was hyperplastic but more so in the animal receiving the antilymphocytic serum 

I Damdsohn 

Flocculation of Alcoholic Red Cell Extracts by Different Types or 
Human Heterogfnetic Hemagglutinins F Schiff, J Immunol 33 
315, 1937 

Alcoholic extracts of red blood cells of the rabbit, sheep, ox and horse were 
flocculated only by undiluted normal human serums or by these serums diluted 
1 2 Serums of persons who had been treated with horse or rabbit serums gave 
strong flocculation reactions with the aforementioned extracts , the serums of the 
latter group flocculated, m addition, extracts of red cells of cats Serums of 
patients with infectious mononucleosis flocculated these extracts feebly or not 
at all An alcoholic extract of guinea pig kidney (Forssman antigen) was floccu- 
lated strongly by a homologous immune serum at 37 C , it was flocculated weakly 
at 20 C , at the same temperature it was flocculated strongly by the serum of a 
patient with horse serum disease and moderately by the serum of a patient with 
rabbit serum disease, while the serum of a patient with infectious mononucleosis 
did not flocculate the extract at either temperature j Davidsohn 

Immunity to the Virus of Psittacosis S P Bedson, Brit J Exper Path 
19 353, 1938 

Immunity to the virus of psittacosis can be produced in mice bv means of a 
formaldehydized vaccine in which no living virus is demonstrable This immunity 
lasts for at least three months The protection obtained is not complete even 
against small doses of virus, since a test injection of active virus almost invariably 
results in infection Multiplication of the virus, however, stops short of that 
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required for the production of frank disease, the infection remaining silent This 
silent infection has been found to last for as long as seven months Serial passage 
of virus m immunized mice through five generations and extending over a period 
of two hundred and ninety days produced no appreciable change in its virulence 
Specific antibody can be demonstrated in low concentration in the circulation of 
immune mice by the neutralization test The injection into mice of an apparently 
neutral serum-virus mixture results in a silent infection, which, as m the case of 
the actively immunized mice, may last for months The mechanism of immunity 
to the virus of psittacosis is discussed, and it is suggested that it is principally 
a function of specific antibody From Author’s Summary 

Streptolysins E W Todd, J Path & Pact 47 423, 1938 

Hemolytic streptococci of group A produce two distinct varieties of strep- 
tolysin — streptolysin O, which is sensitive to ox}'gen, and streptolysin S, which is 
highly soluble m serum These are neutralized by separate antibodies, which appear 
to be entirely unrelated Reduced filtrates from cultures in dextrose broth contain 
streptolysin O but not streptolysin S The streptolysins which are formed by group 
A strains in sugar-free broth or in serum broth and the hemolytic extracts prepared 
by Weld’s technic are all mixtures of the two lysins All filtrates of cultures of 
group A hemolytic strains, including sei um-streptolvsm, serum-free streptolysin 
and Weld’s hemotoxin, when inoculated into animals cause an increase in the 
antistreptolysin O titer of the serum but no increase in the antistreptolysin S titer , 
hence streptolysin 0 is antigenic, but streptolysin S is apparently not antigenic 
when separated from hemolytic streptococci Antibodies to both lysins are formed 
when animals are inoculated with living cultures of group A hemolytic strains 
Patients infected with hemolytic streptococci do not usually acquiie high anti- 
streptolysin S titeis, although their antistreptolysin O titers may be considerably 
raised The relationship between leukocidin and the two forms of streptolysin is 
unknown From Author’s Summary 

General Reaction to Intravenous Injection of IMeiitin P Durand, Arch 
Inst Pasteur de Tunis 27 193, 1938 

IntraY^enous injection of melitm into persons without a history of possible 
exposure to Brucella melitensis produces no reaction In persons who are or 
who have been infected with this organism such an injection produces a marked 
febrile reaction of several hours’ duration This specific shock is often a more 
sensitive test for brucella infection than the intradermal reaction Intravenous 
and intradermal tests indicated a high incidence of this infection in Tunis, Tunisia 

From Author’s Sumyiary 

Blood Group Properties in Sheep T Andersen, Ztschr f Rassenphysiol 10 
104, 1938 

Of 41 rabbits immunized with human Ai blood cells, 16 produced group-specific 
hemolysins for sheep blood By suitable absorption tests with sheep blood it 
could be shown that many of these immune serums contained several qualitatively 
different antibodies, as shown by the reactions of the absorbed serums with various 
sheep bloods, one serum containing as many as five distinct hemolysins Andersen 
explains these reactions bj'’ postulating the existence of different partial antigens 
in different sheep bloods, all of which are present in human Ai blood In several 
cases sheep hemolysins could be absorbed Yvith human O blood, but immunization 
of rabbits with human O blood failed to elicit sheep lysins Tests on the blood 
of 93 sheep with three different absorbed anti-A immune rabbit serums revealed 
a certain correlation between the reactions of these serums and the three group 
classification by isohemolysis Sheep cell lysins obtained by immunizing rabbits 
with sheep blood were not absorbable bY"^ human Ai blood A S Wiener 
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Tumors 

Carcinoma of the Kidney in the Lfxipard Frog B Lucke, Am J Cancer 
34 15, 1938 

The leopard frog is commonly affected with adenocarcinoma of the kidney 
This tumor, as in the case of mammalian neoplasms, remains localired while it is 
small and in its early stages, but when large it frequently forms secondary tumors 
in distant organs The dissemination usually takes place by way of the blood 
stream In the present paper Lucke reports 22 new examples of metastasis His 
frequent observations of metastasis make the e\idence for the malignancy of this 
tumor complete From Author’s Summary 

Leiomyoma of the Oral Cavity A P Stout, Am J Cancer 34 31, 1938 

Two examples of leiomyoma are reported One, a vascular type, developed m 
the base of the tongue and was probably derned from the smooth musele of blood 
vessels The other, a pedunculated tumor springing from the dorsum of the tongue, 
was probably a dysontogenetic circumvallate papilla Four other reported examples 
of leiomyoma in the oral cavity are reviewed It is suggested that an explanation 
for the apparently rare occurrence of leiomyoma in the oral cavity is to be found 
in the paucity of smooth muscle in that part of the bodv 

Froji Author’s Sujimary 

Monocytic Leukemia and Other jSTeoplastic Diseases J Furth and 
O B Furth, Am J Cancer 34 169, 1938 

A leukemia-like disturbance, with malignant cells resembling monocytes, 
occurred in approximately 9 per cent of 96 mice that received intrasplenic injec- 
tions of benzpyrene This disease, hitherto not described m mice, did not occur 
among an equal number of control mice of the same stock but was observed on 
rare occasions in different untreated mice of the stocks (Rf) used m these studies 
Intrasplenic injection of benzpyrene into mice increased the incidence of pulmonary 
tumors approximately three times Microscopicallv the growth in the mice given 
benzpyrene was similar to that in the control mice It appears to originate from 
the alveolar epithelium, often in several foci in the same animal Its pathogenesis 
has not been determined, but in these experiments inhalation of the cancerogenic 
chemical is excluded The incidence of myeloid leukemia was greater among the 
mice receiving the injections than among the controls, but further data are needed 
to determine a causal relationship beUveen the injections of benzpyrene and the 
incidence of this disease In each of 2 animals atypical sarcoma, possibly with its 
origin m muscle cells, occurred at the site of injection and led to almost complete 
destruction of the spleen In the first instance the neoplasm was successfully 
transmitted to all of 7 mice by means of fragments introduced into the subcu- 
taneous tissue In 2 mice that received intrasplenic injections of cancerogenic 
chemicals neoplastic hemangioma of the liver and spleen occurred Since similar 
neoplasms are very rare in mice and were not observed among the controls, it is 
possible that in these mice neoplastic hemangioma was produced by the injected 
chemical From Authors’ Summary 

Increased Susceptibility to Brown-Pearce Carcinoma J W Mu, Am J 
Cancer 34 407, 1938 

Subcutaneous administration of an estrogenic substance (prepared from a butyl 
alcohol extract of the urine of pregnant women) to male albino rabbits accelerated 
the rate of growth of the Brown-Pearce epithelioma at sites of primary implan- 
tation and stimulated the development of metastases and also the size of the tumor 
growths in such foci Fkom Author’s Summary 
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Growth Procxsses Induced by Estrogenic Hormones L Loeb, V Suntzeff 
and E L Burns, Am J Cancer 34 413, 1938 

Among approximately 500 mice, the majority of which had received injections 
of various doses of estrogen over different periods of time, microscopic study of 
the sex organs showed in no case cancerous changes or even true precancerous 
proliferations There is reason for assuming that the reactivity of the uterine 
enithelial structures to growth stimulation is less than that of the corresponding 
tissues in the vagina, cervix and mammary gland — an assumption which is in 
accord with the behavior of these tissues during the sexual cycle and during 
pregnancy One may therefore conclude that cancerous transformation depends 
on, among other factois, the product of the intensity of the growth stimuli acting 
on a tissue and the responsiveness of the affected tissue There are indications that 
in a similar manner the transformation of cylindric epithelium into transitional 
or squamous epithelium also depends on the product of the intensity of certain 
effect growth stimuli and an inherited responsiveness of these tissues to 
these stimuli In a minority of the mice m these experiments certain changes 
were observed which represent abnormal but noncancerous growth processes, 
namely, penetration of the uterine glands into or through the musculature of the 
uterus and metaplasia of the cylindric surface epithelium and perhaps also of 
some glands into transitional or squamous epithelium In a considerable number 
of cases, however, the squamous epithelium owed its origin to regeneratwe 
processes which led to extension of the epithelium of the cervix into ^e uterus 
It IS possible that m cystic transformation of the uterine glands, al^,"^ growth 
stimulation may be involved All these changes may occur, although with much 
less frequency, in control mice not receiving mjections of the growth-stimulating 
factor, becoming as a rule more frequent with adv'ancmg age Under the influence 
of estrogen they are produced, on the whole, the more readily* the greater the 
dose used and the more continuous its action From Auth^s’ Summary 



Cysteine Hydrochloride in the Treatment or Animal T>umors J L Carr, 
C L Connor and L L Ginzton, Am J Cancer 34 428, 1938 

The treatment of three different rat tumors and the Brown-Pearce rabbit 
carcinoma with cysteine hydrochloride was practically, ^ijffective except that direct 
injection of the drug into the Jensen sarcoma snd aq^adenofibroma of rats caused 
complete regression and cross immunity betweeq^thfc two The treatment pro- 
longed the average life of rats bearing the ^{ajker tumor by eleven and one-tenth 
days Related substances, even those containing the SH radical (ethyl mercaptan 
and a compound of aldehydes and thio acicE) had no effect The experiments 
showed some variation in response in the vaiious tumors treated but showed also 
that intravenous injections of extremely l^ge quantities of cysteine hydrochloride, 
which contains the SH radical, produce l^^tle effect on a rapidly growing rabbit 
carcinoma ^ From Authors’ Summary 

Lymphosarcoma Cell Leukemia R Isaacs, Ann Int Med 11 657, 1937 

Of 43 patients with lympljj^arcoma, IS entered a leukemic phase Sternberg 
called it leukosarcoma, but Isa^s 'prefers the term “lymphosarcoma cell leukemia ’’ 
The lymphosarcoma cell has a characteristic feature a single nucleolus with a 
deeply hyperchromatic rim In the immature lymphocyte or lymphoblast there 
are, as a rule, multiple nuclei without the rim Supravital staining also shows 
characteristic features 

Such cells were found already in the aleukemic phase of lymphosarcoma, they 
constituted from 3 to 30 per cent of cells in the differential count From the total 
white cell count of from 6,000 to 10,000 in the aleukemic phase, the cells rose in 
the leukemic phase to an average of 70,000, and the highest was 156,000 per cubic 
millimeter The number of lymphosarcoma cells increased, too, reaching occa- 
sionally 98 per cent There was increasing anemia, with a color index of around 
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1 or slightly lower The platelets were normal at first, with a drop later in 
the disease The leukemic phase was characterized by exacerbation of symptoms 
and by fever The effect of roentgen therapy was not favorable At the necropsy 
all the Ijmphoid tissues were found transformed m varying degrees into the 
lymphosai coma type, and an infiltration of almost all organs and tissues was 
present The leukemic phase seemed to depend on extensive infiltration of moving 
organs, particularly the lungs According to Isaacs, the disease appears to be 
true lymphosarcoma cell leukemia and not lymphosarcoma turning into lymphatic 
leukemia I Davidsohn 

Radiosensitive and Nonradiosensitive Carcinoma of the Lar\nx W Harris 

and P Klemperer, Arch Otolaryng 28 355, 1938 

Harris and Klempeier report on 32 cases of laryngeal carcinoma in which 
the only treatment was roentgen irradiation (Coutard) In every case the lesion 
occurred on the epiglottis or within the larynx The roentgen therapy resulted 
favorably in 20 of the 32 patients , 12 failed to respond The biopsy material was 
studied histologically to determine criteria for pathologic differentiation of radio- 
sensitive and radioresistant carcinoma The grade of cellular differentiation, the 
mitotic count, the anaplasia of the cells, the reaction in the stroma and the location 
of the carcinoma were fully considered There were no pathologic criteria except 
possibly the number of mitoses which permit differentiation between radiosensitive 
and radioresistant laryngeal carcinoma if protracted fractional roentgen therapy 
IS used The results seem to contradict the belief that radicsensitivity depends on 
the degree of differentiation of the tumor cells 

Immunologic Reactions of the Virus or Rabbit Papilloma J G Kidd, 
J Exper Med 68 703, 725 and 737, 1938 

The evidence as a whole favors the view that the virus stimulates the formation 
of the virus-neutralizing and complement-binding antibodies in vivo, and many 
facts indicate that it is closely associated and in all probability identical with 
the antigen that reacts with immune serum to fix complement m vitro 

From Author’s Summary 

Normal and Pathologicai Developments from the Celis Iining the 

Graafian Follicle W S Garner, Surg , Gynec & Obst 67 455, 1938 

Commonly spoken of as germinal epithelium, the layer of cells lining the 
graafian follicle have been shown by Pedro Ramon to be connective tissue While 
this readily explains the normal course of these cells to the formation of the 
corpus albicans, it makes difficult the explanation of the development from granu- 
losa cells of several types of epithelium in the evolution of pathologic growths 
Both of these difficulties are readily obviated if one remembers that the lining 
cell has the same embryonic origin as the ovum, the latter being merely a cell 
set apart from its fellows Since the cells lining the graafian follicle are closely 
related to the totipotential ovum, it is not surprising that they may, under varying 
stimuli, produce a variety of types of cells At first called germinal epithelium, 
the cells lining the primordial follicle are termed lutein cells after the mature 
follicle has ruptured, these in turn as they become hyalmized are called connective 
tissue cells , in the atretic cysts they are known as granulosa cells Histologically 
Gardner has traced the development of granulosa cells into several types of 
epithelium, including the goblet type characteristic of adenocystoma, the papilloma 
and m a single instance almost certainly the early stages of the formation of a 
dermoid cyst The observations were made on small cysts that still retained 
a part of the original structure so that their nature could not be questioned 
Since it IS reasonable to assume that the normal changes m the cells of the graafian 
follicle are due to the action of hormones, it may be speculated whether the 
abnormal changes are not due to a similar influence Warren C Hunter 
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Mode of Inception and Lateral Spread or Certain Squamous Cell Carci- 
nomas A Brunschwig and D Tschetter, Surg, Gynec & Obst 67 
715, 1938 

Alicroscopic stud}" of small, early squamous cell carcinomas of the skin and 
buccopharyngeal mucosa reveals involvement of a segment of the epithelium rather 
than origin from one cell or from a small nidus of cells At the margins are 
zones of direct continuity between normal and abnormal epithelium where it is 
impossible to determine which cells are normal and which are neoplastic Like- 
wise, in some well established carcinomas the presence of long adjacent parallel 
columns of downward proliferating cells instead of a thin superficial segment 
affords evidence of a segmental origin of the lesion It is recognized that besides 
the aforementioned methods of extension well defined carcinomas may show sharp 
demarcation or growth under or over the epithelial surface from which the\ have 
originated The h 3 "potliesis of progressive cancenzation as a factor in the lateral 
spread of such lesions is not new but has received little emphasis and has never 
been subjected to experimental tests 

Epidermoid carcinoma was induced in mice by repeated paintings with a 0 3 
per cent solution of niethylcholanthrene in benzene By means of india ink 
tattoomgs of the skin peripheral to the induced growths it was found that the 
expanding carcinoma did not push the dots outward but grew over them, thus 
indicating progressive cancenzation rather than expansive spread Furthermore, 
a zone of direct continuity between neoplastic and non-neoplastic epithelium 
was seen where a differentiation between the two was not possible In another 
group the carcinoma was bisected, and the healthy skin was approximated to the 
remaining half of the tumor and allowed to heal Under these conditions the 
neoplasm continued to spread on the side opposite the wound but rolled up where 
the skin had been interrupted These observations are interpreted to indicate that 
the normal skin offered resistance to carcinomatous transformation whereas that 
in direct continuity on the opposite side did not It is concluded that the experi- 
ments offer support for the hypothesis that there is continued lateral spread of 
certain squamous cell carcinomas by progressive cancenzation of normal epithelium 
at the immediate periphery of the carcinomatous growth, in addition to centrifugal 
expansion by multiplication of cells Warren C Hunter 

A Metastatic Deposit of Bronchial Carcinoma in a Hi drocele Misdiagnosed 
“Endothelioma ” R A Willis, J Path & Bact 47 35, 1938 

A case is reported in -which a large malignant growth in a hydrocele sac was 
diagnosed as endothelioma of the tunica vaginalis but was shown by postmortem 
examination to be a metastasis from a small symptomless carcinoma of a bronchus 
Some recently reported cases of supposed endothelioma and mesothelioma of serous 
membranes are critically reviewed In none of them can this diagnosis be accepted 
In regard to the confusing subject of primary celomic tumors, tw "0 guiding 
principles must be adhered to 1 There are no distinctive histologic criteria of 
endothelioma 2 The diagnosis of endothelioma requires that a complete post- 
mortem examination shall have excluded as a possible source of carcinoma each 
and every epithelial structure in the body From Author’s Summary 

Technical 

Blood Transfusion in America P Levine and E AI Katzin, JAMA 
110 1243, 1938 

This survey reveals some increase in the use of the international classification 
for blood typing This scientific and logical system wnll undoubtedl}" becoume still 
more popular when a greater number of medical schools teach it rather than the 
arbitrary, confusing and meaningless numberings 
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The general adoption of statutes, similar to those of New York and Wisconsin, 
authorizing courts to accept the results of blood tests in paternity disputes, will 
also stimulate the use of the international system, since it is difficult to discuss 
the genetics of the blood groups in teims of any other classification 

With regard to tiansfusion methods, it is noteworthy that about one half of 
the hospitals surveyed employ two methods, the citrate and one or another of the 
direct methods Fortunatelj the great majority of transfusionists emplo>ing the 
direct method use either the multiple synnge procedure or one of the simpler 
forms of apparatus which are manually operated, and have avoided any apparatus 
in which the blood flow is regulated by a ball in valve mechanism 

In this country transfusions are for the most part performed, at least in hos- 
pital wards, by interns, under the sometimes inadequate supervision of a resident 
or other member of the attending staff Of course, the ideal organization for 
this purpose would appear to be that m which a transfusion team is employed 
in close association with the laboratory However, with a rapidly changing 
house staff, such as is found in the great majority of hospitals, this is apparently 
believed to be possible only to a limited extent Yet even under such conditions 
It IS, in the authors’ opinion, feasible and practical that this work be done under 
the direct control of a small number of trained workers, who instruct each new 
group of interns as they enter the hospital Furthermore, the persons in charge 
might then form a liaison between the various hospitals, the local health depart- 
ment and the medical societies to regulate professional donors and to provide 
a center for the study of problems related to blood transfusion 

Some such cooperative action is required, since, as this survey leveals, many 
institutions lack adequate control of syphilis in both professional and volunteer 
donors Until American hospitals have at their disposal donors from carefully 
regulated agencies, it seems essential for each hospital to perform a recognized 
test for syphilis immediately prior to the transfusion This, however, does not in 
any way relieve the transfusionist of the responsibility of a careful physical exami- 
nation of the donor 

Although the practice of selecting a compatible donor by a blood-grouping test 
of the prospective donor’s cells, followed by a direct matching of the donor’s 
cells and the patient’s serum, is well established, incompatibility of the bloods 
still accounts for numerous avoidable accidents It is probable that mistakes in 
selecting donors are attributable to poor technic in genera! and, m particular, to 
the use of grouping serums that are not sufficiently potent 

Many unfortunate accidents might easily be avoided if a cooperative oiganiza- 
ticn of hospital, medical society and local health authority, such as that suggested, 
would undertake to teach recognized procedures for compatibility tests The 
headquarters of such an organization might act as a local registry to which atypical 
blood could be sent for study and grouping and where transfusion accidents, so 
neglected at present, could be recorded and analyzed Because of the widespread 
and increasing use of transfusion, these services, along with the control of the 
professional donor and measures to prevent transmission of disease by transfusion, 
are urgently necessary in the present American hosp'tal program 

Froai Authors’ Summary 

The Blood Transfusion Betterment Association of New York Cit\ Blood 
Donor Bureau Dd Witt Stetten, JAMA 110 1248 1938 

It IS safe to say that the work that has been done by the Blood Transfusion 
Betterment Association and the recognition which it has received in the city of 
New York will stimulate the organization of ser\ices along the same lines else- 
where Any city of considerable size with its suburbs or satellite towns can 
establish a similar organization without great difficulty and with the promise that 
It will function as usefully as the New York Association 

From Author’s Summary 
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Estimation of Plasma and Sfrum Protein B M Kagan, J Clin In\es- 
tigation 17 369 and 373, 1938 

A new method for the estimation of the total protein in serum or plasma 
IS presented It is based on the linear relationship 11111011 exists between the 
specific gravity and the protein content The specific gravity is determined by 
a new falling drop method, which is easy, time saving and capable of being carried 
out with extremely small quantities of blood It provides a measure of the 
protein content with an accuracy which exceeds clinical requirements , it is about 
twice as accurate as the refractometric method From Author’s Summary 

A Silver Impregnation Method for Reticulum G de Oliveira, Virchows 
Arch f path Anat 298 523, 1936 

De Oliveira describes a silver impregnation method for which he claims the 
following advantages It is rapid, it can be used and is best used for paraffin 
sections, it differentiates sharply between reticulum and collagen fibrils, it stains 
the finest intracellular reticulum fibrils, thus permitting study of the relationship 
of the cells to the fibrils For the details of the method the reader is referred 
to the original article O T Schultz 
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Alfrld Plaut, Picsident 
Aiinivosaiy Meeting, Jan 26, 1939 
Robert A Moore, Sccictaiy 

The Nasal Reaction of the Ffrrdt to Infection with the Virus of 
Epidemic Influenza Thomas Francis Jr (by iirvitation) 

On intranasal inoculation of ferrets with the virus of epidemic influenza (PR8 
strain) an orderly sequence of events occurs, involving the nasal mucous membrane 
After twenty-four hours a moderate catarrhal reaction occurs, and after forty-eight 
hours almost complete destruction of the respiratory epithelium is seen The 
olfactory epithelium is undamaged Associated with the acute necrosis of the 
respiratory epithelium is an accumulation of exudate in the air passages and an 
acute inflammatory reaction in the submucosa 

In four to SIX days repair begins with the development of a transitional type of 
epithelium at the previous site of .the respiratory epithelium This gradually 
thickens and forms a true squamous epithelium, and by the twelfth to the fifteenth 
day the ciliated columnar cells are returning In the fourth week a comparatively 
normal respiratory mucosa is seen, but some fibrosis of the submucosa remains 
Occasional rests of transitional or squamous epithelium are interspersed through 
apparently normal areas 

During the period of repair, when the transitional and squamous epithelium 
IS in prominence, reinoculation of the virus produces no reaction The epithelium 
is resistant not only to virus but to physicochemical stimuli which normally destroy 
the entire mucous membrane of the nose Thus there is observed an altered 
epithelium which maintains a refractory state or a state of immunity which bears 
no relation to ordinary immunologic concepts 

The state of complete refractoriness is temporary and gives way to a state of 
susceptibility to chemical injury This return to susceptibility is associated with 
the reappearance of normal ciliated columnar cells Nevertheless, one infection 
conditions the mucous membrane so that with subsequent infections the repair 
process is found markedly accelerated 

discussion 

A N Rosen What is the character of the exudate’ 

Thomas Francis Jr In the acute stage the exudate in the nose and nasal 
passages is essentially polymorphonuclear Of course, there is sloughing of the 
epithelium along with it In the submucosa the inflammatory reaction in the acute 
phase IS usually predominantly polymorphonuclear, but in the animals which have 
received repeated inoculations and then show reaction to a subsequent inoculation 
the reaction in the submucosa is predominantly mononuclear 

Robert A Moore Is it possible in ferrets to confer passive immunity so that 
there will be no clinical disease’ If this should be possible, I wonder what would 
be the anatomic change in the mucous membrane if such an animal were inoculated 
intranasally with active virus 

Thomas Francis Jr On occasion, if one is lucky, one may have an animal 
which appears to become immune by that procedure On the other hand, the 
majority of animals have to be given relatively large amounts of serum, and even 
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then one may observe a certain amount of nasal reaction The same thing is true 
in vaccinated animals One may vaccinate them and induce production of the 
antibody and yet not have full protection from the nasal reaction, but those are 
studies which are not really completed 

Irving Gracf Apropos of the remarks about the apparent immunity of the 
reparative respiratory epithelium, I am wondering whether or not during the 
earliest period of sloughing induced bj 7inc sulfate the virus in the nose may 
penetrate the mucosa and peihaps invade the olfactory nerves more readily Is 
there an}"^ e\ idence of invasion via the mucosa in the first twenty-four to fortv-eight 
hours ? 

Thomas Francis Jr One has no wa 3 '^ of detecting that from the point of 
view of the olfactory nerve with the PR8 strain of virus Stuart-Harns and I 
tried in ceitain experiments, which are still not complete, the reverse procedure 
of instilling zinc sulfate into the nose, observing the damage and watching for 
the stage of repair to find out whether we could get resistance to develop It 
appeared we were not getting complete immunity but a modified disease There is 
a factor which we cannot control entirely While we attempt to keep the zinc 
sulfate from getting into the lungs, we cannot prevent the possibility of the iirus 
getting into the lung, and since it is adapted to the lung, one ahvas-^s has that as 
another source of infection When one sees the tjpe of damage wdnch occurs 
with the virus alone in the acute stage, or wnth zinc sulfate alone in the acute 
stage, one thinks that the entire structure would be more susceptible to any type 
of infection On the other hand, after five or six days it seems much more 
resistant to any type of infection 

Milton Helpern Does the repair after the application of zinc sulfate occur 
more rapidly in an animal wdnch has recovered from a previous inoculation of 
virus than in an uninfected animal ^ 

Thomas Francis Jr I cannot answer that We had too few animals treated 
in that way to decide, but we had a distinct feeling w'lth zinc sulfate that there 
were more islands of undamaged tissue left than with the virus Whether that 
was simply due to chance or not I do net know' 

Milton Helpern I w'onder if the difference in reaction to zme sulfate as 
show'n by an uninfected animal and an animal during the stage of repair is not 
due to the fact that columnar epithelium is less resistant than stratified epithelium 
to a corrosive 

Thomas Francis Jr We appreciate that, and w'e also think it was probablv 
a factor in resistance to the virus I do not believe that this is simply a mechanical 
barrier I think it is a question of the selective action of the virus or of a chemical 
on certain types of cells In the repair process, w’hich w'as quite striking around 
the eighth to the tenth daj, when w'e had the most striking stratified epithelium, 
we got resistance not only in the respiratory area but also in the olfactory area, 
and I do not know how to explain that unless the virus had done something to 
the olfactory cells but not anything to cause great damage When on the fifteenth 
day we added the zinc sulfate, the first cells to be destrcj'ed w'ere the ciliated 
columnar cells 

N Chandler Foot Have you tried secondary infection w'lth pyogenic cocci 
to see whether the epithelium which becomes resistant to the virus has become 
more susceptible to the pyogenic cocci w'hich are obser\ed in connection with the 
usual secondarj' infections of influenza? 

Thomas Francis Jr We have not done that We have had this experience 
We had animals which w'ere earners of Streptococcus, and w'e inoculated them 
W'lth the virus, m those animals disease and death occurred, much more rapidlj' 
with mediastinitis, pericarditis, pleurisj' with effusion and septicemia We had in 
the present group a certain number of animals which had a chronic bacterial infec- 
tion superimposed on the virus infection, and in these animals the undifferentiated 
epithelium w'as apt to persist much longer, and the ciliated epithelium w'as slower 
in returning In one, particularly, the whole side of the nose w'as in what might 
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be thought of as the twelfth-day stage of repaii, whereas the other side was 
normal, and in that animal there was distinct pus m the antrum 

A B Sabin How much of the respiratory epithelium is damaged by the 
virus ^ 

Thomas Francis Jr In the respiratory epithelium we rarely see anything 
remaining Occasionally we see a small island, but the surprising thing is how 
complete the damage is, particularly when one thinks of the structure of the 
anterior turbinate bone That is one of the differences between the virus and 
the zinc sulfate There is always much more complete damage with the virus 
than with the zinc sulfate, so that one can say that 99 per cent of the respiratory 
epithelium was destroyed by the virus , the destruction was almost complete 

A B Sabin I ask that because these studies have a definite bearing on 
the anatomic basis of tissue immunity If this virus destroys almost all the 
susceptible cells, it does not share this property with many others Most other 
viruses usually leave large portions of susceptible tissue anatomically unaffected 
If immunity were limited to the cells which had been attacked and had then 
undergone an anatomic change, there would be no immunity in the unmvolved 
tissues Yet it is known that a whole organ or system may become immune 
when only a few of its cells have been directly affected by the virus, under con- 
ditions m which humoral antibodies play little or no role One is led to assume, 
therefore, that m addition to the recognizable anatomic changes, certain other, 
more subtle changes must occur in all the susceptible tissues to account for their 
acquired resistance to infection with a specific virus That holds perhaps not 
only for infectious agents but also for physicochemical agents I might say from 
personal experience with zinc sulfate instilled mtranasally m monkeys that while 
there is early injury to some of the cells of the olfactory mucosa, large portions 
of it show no sign of damage, and within a week all of it may appear normal , 
j^et for a period of several months that mucosa remains lesistant to infection with 
the virus of poliomyelitis, indicating that resistance cannot be attributed to the 
disappearance of, or to the anatomic change m, the susceptible cells 

Thomas Francis Jr I think that is true The fact is that following inocu- 
lation the PR8 strain destroys primarily the respiratory epithelium and leaves the 
olfactory epithelium untouched, and yet after ten to twelve days the zinc sulfate, 
which would normally wipe out all the epithelium, does not damage it This is 
m the absence of any change in the olfactory epithelium In the lung a similar 
state of affairs occurs We did not get complete involvement of the entire lung, 
and yet the animals became resistant, and that is why we had the feeling that 
the tissue changes would not explain the entire pictuie of immunity in these 
instances Up to a certain point we thought they would account for immunity 
m the absence of any serologic and immunologic reaction in the typical sense, but 
after that we would not rely on them 

So far as the observations on the monkey with the zinc sulfate, those changes 
are perhaps not quite so marked as in the present instances, because with ioniza- 
tion there is a pretty severe injury, and furthermore, when we used simple 
instillation we used it for as long as fifteen minutes , so it was not merely an 
application to the area Instead of the coagulation type of necrosis which one 
sees following local application we saw a rather destructive wiping off of the 
epithelium 

Carcinoma in Frogs Its Etiologic Relation to a Virus and Its Habits of 
Grow'th in Vivo and in Vitro (Illustrated by a Motion Picture) 
Balduin Lucne (by invitation) 

The leopard frog is commonly affected with an adenocarcinoma of the kidney 
which, like similar tumors in man and other mammals, invades and destroys the 
adjacent tissue of the organ in which it growls Metastasis is commonly observed 
with tumors w^hich have attained large size, dissemination usually takes place by 
w-ay of the blood stream These frequent metastases make the evidence for the 
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malignancy of this tumor complete, furthei, they throw doubt on the opinion, so 
often encountered in the literature, that tumors of cold-blooded vertebrates have 
little tendency to metastasize Indeed, these studies and others in progress support 
the view that no matter in what species of animals tumors of the same kind occur 
they are much alike in behavior as well as in structure 

The carcinoma of the frog is a paiticularly interesting tumor as its nuclei com- 
monly contain large acidophilic inclusions such as suggest activity of a virus The 
results of transmission expeiiments make it \ery probable that this carcinoma is, 
in fact, induced by a virus When the growth is inoculated as living fragments 
or a cell suspension into the lymph sacs, the cranial cavity or the abdomen, no 
significant local growth results, and the implanted material is gradually resorbed 
However, in approximately 20 per cent of the frogs surviving inoculation for 
more than six months, tumors de\elop m the kidneys which are like the spontaneous 
neoplasms The incidence far exceeds that in the controls 

Desiccated and glycennated tumor injected into the abdomen gives the same 
results as inoculated living tumor, in somewhat over 20 per cent of animals sur- 
viving more than six months tumors of the kidneys occur 

In alien species of frogs, no tumors are produced by inoculation, either with 
living or with desiccated tumor 

These experiments indicate the probability that the carcinoma of the leopard 
frog IS caused by an inclusion forming, organ-specific virus 

Thus in an amphibian a virus is seen to be capable of producing a malignant 
tumor Since it is known that viruses produce certain tumors of birds and 
mammals, the conclusion follows that viruses may be a frequent cause of tumors 
throughout the animal kingdom 

Examination of nearly 1,000 control frogs gave very different results from 
those of the experimental series During the first three months period after the 
inception of the corresponding experiments, slightly over 2 per cent had renal 
tumors This incidence rose slightly to 6 per cent in the second three month 
period, and to 6 7 per cent in frogs surv iv ing for more than six months While 
this rise is far below the striking increase in the experimental groups, it may 
have considerable significance There exists a real possibility that the neoplastic 
disease is transmissible from frog to frog In captivity frogs are of necessity 
maintained under more crowded conditions than obtain m their natural environ- 
ment, and confinement in the laboratory v\ould favor not only direct contact but 
also indiiect transference of v'arious agents 

The characteristics of cancer growth have hitherto been studied chiefly by 
histologic methods, i e , in material that has been fixed, sectioned and stained 
The recent development of slit lamp microscopy makes it possible now' to observe 
the habit of growth of Ining tuinois Bits of these tumois are implanted in the 
anterior chamber of the eye, where they soon establish themselves and wdiere 
their rate of growth inaj be measured The form of the tumor as well as the 
arrangement of the constituent cells may be observed through the cornea by means 
of the slit lamp microscope Observation of many such transplanted fragments 
of carcinoma has led to the conclusion that the form which the growing tumor 
assumes depends on its immediate physical emuronment Where the tumor grow's 
out in the midst of the aqueous humor, not in contact w'lth cornea or iris, there 
the habit of grow'th is characteristically tubular or papillarj, the projections being 
hollow' and cystic in some instances, solid masses of cells in others If, however, 
the tumor grows in contact with an even surface, such as the cornea or the ins, 
then the form of giow'th is entirely different, broad membranes are formed which 
extend along and cover the cornea or the iris, such growths show no sign of 
tubule foimation or, at most, abortive tubules, appearing late in the course of 
grow'th 

Study of tumors by the method of tissue cultuie has yielded much information 
concerning the differences between malignant cells and normal adult cells of the 
same type 

In the present experiments 32 frog tumors have been cultured by the roller 
tube technic of Gey and Lewis as well as bj the ordinary hanging drop method 
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Under these conditions budlike projections pioniptly glow from the tumor 
explant into the solid medium, wheie they form stiuctures resembling tubules 
except for absence of lumen Ihe tubules are at first contained within basement 
membranes, but latei the proliferating epithelial cells break thiough the basement 
membrane and spiead out as thin fans of polyhedral epithelial cells These fuse 
with other cutgiowths of similiai chaiacter until the cxplant is entirely surrounded 
by a thin, flat layer of epithelium which shows no tiace of diff’erentiation into 
tubules or acini The cells of the fiog carcinoma are distinctly larger than those 
of most mammalian tumors, making the piesent mateiial especially suitable for 
cjflologic study 

In addition to direct obset vation, two cultures of the tumor were studied by 
cincmatogi aph Tins method not only affoids a permanent record, but makes 
clearer the niannei of outgrowth, the character of locomotion of the individual 
cells, as well as intracellular changes which occur so slowly as otherwise to escape 
detection 

DISCUSSION 

Jacob Furtii Dr Lucke interpreted the increase in the percentage of tumors 
with increase in time of observation among the control frogs as due probably to 
spontaneous transmission In this case the addition of tumor desiccate to the water 
might increase the incidence of tumors Is it feasible to do the reverse — to raise 
frogs m sterilized water in attempts to obtain a tumor-free stock? To return 
to the first comment Is it not possible that this increase in the number of tumors 
is due to increasing age of the frogs, and not to spontaneous transmission? This 
IS a fundamental question Thousands of chickens carrying filtiable tumors have 
been studied in many laboi atones, but I do not know of a single instance of trans- 
mission of chicken tumor by spontaneous means 

Balduin Luckl It IS entirely possible to do what j'ou suggest, but practical 
difficulties are m the wav As one buys frogs from dealers, one gets frogs of all 
ages, in some twenty-odd thousand fiogs which we have examined in our laboi a- 
toiy (we have divided them into groups of thousands) the incidence of spontaneous 
tumor IS pretty steadily around 2 per cent in the different groups I do not think 
that age has anything to do with inciease in incidence among controls I think 
It means that in some way the tumor is being transmitted Tbe fact that it does 
not occur m chickens simply means that it does not occur m chickens , it does not 
mean anything so far as frogs are concerned Frogs suffer from all kinds of paia- 
sitic infection, and it is conceivable, though I do not offer this very seriously, that 
the viius IS transmitted through parasites What we aie doing is keeping a large 
numbei of frogs, some of them having tumois, undei as natuial conditions as is 
possible, and these frogs are being kept togethei for as long a time as seems 
suitable From time to time a group is examined, and the incidence of tumor is 
recorded These experiments are as yet inconclusive 

Irving GRAnr Have jmu any observations on the effect of the desiccate or 
implants on tadpoles? 

Baiduin Luckl We liav^e tiied to implant desiccate as well as living mateiial 
into tadpoles but have invariably failed to obtain tumois 

Thomas J Francis Jr May I ask about tbe old tiadition that if a toad 
urinates on a man’s band he gets a wart? Do any of the tumor cells appear m the 
urine of these frogs, and, if so, would that be a means of tumor dissemination? 

Baiduin Luckl Tumor cells do appear m the mine I have lepeatedly 
punctured the bladder of a frog that had a tuinoi of the kidney and have found 
unquestionable tumor cells m the urine Some of these are pietty badly broken 
up, but they are still cells of a tumor, and it is conceivable that through them a 
virus mav be tiansmitted 

Amour F Liblr Is theie any evidence of hei editary transmission? 

Balduin Lucre To raise frogs is a difficult thing It is easy to bring tad- 
poles to the frog stage, but from there on there is a very high mortality 
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Aitred Plaut, Piesidciit 
Regulai Monthly Meeting, Mai eh 23, 1939 
Robert A Moore, Secietaiy 

Multiple Plasmoma of the Ileum and Colon Chestfr R Brown and 
Amour F Liber 

A colored man aged 57 was admitted to Lincoln Hospital on Nov 27, 1938, 
complaining of “itching and leaking of purulent material from the rectum,” said 
to hav'e been present for from ten to fourteen years The patient had lost 75 
pounds (34 Kg ) in weight m the past three years He said that there was a 
“sore on the penis” at one time, and that he receiv'ed treatment for sj'philis tw^enty 
years ago 

The man was emaciated and chronicall}' ill , there was a blood-tinged purulent 
rectal discharge Numerous polypoid firm masses were felt encircling the rectum 
about 3 inches (7 6 cm ) above the anus The Frei test on the right arm showed 
a reddened wheal 2 cm in diameter The left arm (control) was negative The 
Wassermann reaction was anticomplementary The blood showed no significant 
changes Pulmonary signs developed, and the patient died on Dec 4, 1938 The 
clinical diagnosis was carcinoma of the rectum and bronchopneumonia 

Postmoitcm Eramination — Attached b> broad bases to the external surface 
of the ileum throughout its entire course were numerous masses of yellow-white 
tissue, varying between 3 and 6 cm in length and 2 and 4 cm m breadth The 
masses were considerably elevated above the serosal surface of the intestine and 
were quite firm to palpation On section these were composed of firm, yellowish 
white tissue, of uniform consistency throughout, encircling about two thirds of 
the circumference of the ileum in localized areas One ot these nodules almost 
completely closed the lumen Here the mucosa showed some superficial ulceration 
The other masses did not encroach on the intestinal lumen 

The omentum and mesentery were adherent over a localized area of the hepatic 
flexure of the colon approximately 10 cm in length After removing the adhesions, 
a small localized abscess cavity was rev'ealed, the base of which was formed by 
the exterior of the intestinal wall , in its center a necrotic opening could be 
followed down to the mucosa Evidently these changes represented a localized 
chronic perforating lesion of the hepatic flexure Section through this mass 
revealed dense yellow-white tissue involving all the intestinal coats and extending 
considerably abov^e the serosal surface to form a polypoid mass with a sessile base 
The perirectal tissues showed infiltration of similar type, with marked indura- 
tion The mucosa vv^as considerablj’^ elevated and firm, but showed no ulceration 
The mesenteric and portal L^mph nodes were enlarged and of uniform soft 
consistency throughout 

Microscopic examination revealed the intestinal masses and lymph nodes to 
consist of cell infiltrations of uniform t 3 'pe throughout These were solid sheets 
of plasma cells (about 80^ per cent) and Ijmphocvtes with varjung degrees of 
fibroblastic induration There were occasional macrophages Amitotic division 
was frequent in the plasma cells Polymorphonuclear cells were absent except 
in a small area localized to the perforation in the hepatic flexure Reticulum cells 
were minimal These collections infiltrated all the intestinal coats and the 
epiploon to form dense neoplastic-hke masses There was invasion of blood vessels 
by similar cell masses No evident origin or localization could be noted in the 
Ij'mphoid follicles of the mucosa, which were not enlarged 

The mesenteric fat was heavuly infiltrated with similar cells, as vv'ere all the 
Ij’^mph nodes The latter showed complete disorganization of the normal architec- 
ture The sinuses and pulp formed solid cell masses The capsule was invaded 
in many areas Numerous periportal areas in the liv'er show^ed diffuse infiltrations 
of plasma cells and lymphocytes 
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In the intestinal and lymphatic infiltrations pleomorphism and giant cells 
were absent Reticulum cell proliferation was minimal The invasions of the 
lymph nodes and of the blood vessels and the periportal accumulations suggested 
metastatic lesions The changes in no way resembled the histologic picture usually 
ascribed to the so-called benign intestinal granuloma or regional ileitis Stains 
for spirochetes and tubercle bacilli were negative We have found no case in 
which a condition similar to this was described as a visceral form of syphilis 
The histologic observations do not resemble those of granuloma venereum 
Four cases somewhat similar to this one are reported in the literature 
Case 1 (Vasiliu, T, and Popa, R Coiitpt icnd Soc de Inol 98 738, 1928) 
Multiple ulcerated and nodular tumors were seen in the mucosa of the stomach 
and large and small intestine The lymph nodes and the entire mesentery were 
invaded Clumps of nodes compressed the ileum Histologically, all the tumors 
were made up of plasma cells The bone marrow was not examined 

Case 2 (Vallone, D Anti ital di chit 9 20, 1930) A 24 year old man was 
operated on because of chronic intestinal obstruction The Wassermann test was 
negative Fifteen centimeters of ileum was resected The lumen was obliterated 
by a tumor composed of plasma cells and lymphocytes The marrow was not 
examined 

Case 3 (North A Case of Plasmocytoma of the Small Intestine, cited by 
Vallone) A woman aged 47 w'as operated on for intestinal obstruction Thirty 
centimeters of ileum was resected Sections showed marked infiltration of all the 
intestinal layers by plasma cells The lesions were considered neoplastic 

Case 4 (Razzabom Di una rara lesione della parete mtestmale infiltrate 
plasma-cellulare , cited by Vallone) There were multiple ulcerated tumors in the 
terminal part of the small intestine, the colon and the appendix, composed almost 
exclusively of plasma cells 

The origin of the plasma cell is highly controversial Plasma cell tumors have 
been found in the nose and throat, lacrimal glands, conjunctiva, respiratory tract, 
skin, genitourinary tract and Ivmph nodes, without involvement of the bone 
marrow Some are of malignant type (Masson, Jackson and Parker) 

Although the marrow' was not examined, we do not believe that ours is a case 
of medullary myeloma In the latter disease the history and course are dissimilar 
Metastases from medullary myeloma consist of pure plasma cells We belie\e 
this to be a case of neoplastic muiticentnc plasmoma W'hich may represent a 
variety of lymphosarcoma 

DISCUSSION 

Alfred Plaut There is a not very small group of intestinal lesions, more 

in the small than in the large bowel, which seem to be between tumor and granu- 

loma My colleagues and I have had 2 cases lately in our material, and I wonder 
whether the fact that the plasma cells predominate is something to differentiate 
Dr Brow'ii’s case from others In inflammatory lesions one does see sometimes 
a preponderance of plasma cells without these lesions being m other respects 
essentially different 

Amour F Liber There is one feature of this case wdiich w'ould be difficult 

to explain on the hypothesis of chronic inflammatory granulomatosis, that is the 

presence of large collections of plasma cells in the lumens of blood vessels, m the 
outer coats of the affected parts of the intestine and also m the liver, where 
small blood vessels W'ere packed with these cells The cells in the lumens of the 
blood vessels are not part of a thrombus They are not enmeshed in fibrin or 
platelets, and I am certain if one saw' epithelial cells or cells which one might be 
inclined to attribute to a sarcoma in a corresponding situation one would not 
hesitate to speak of metastases going on by a vascular route 
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Post-Traumatic (But Not Posttracturai ) RAurrAcrrioisi of Long Bones 
Henry L Jaffe 

It has been established on a roentgenographic basis that a blow, bump or twist 
to an articular oi po^articulai legion inaj'^ be followed by pronounced rarefaction 
of the bones m the aiea in question The instigating trauma need not ha\e 
induced a fracture, and the rarefaction of bone may evolve even if the part con- 
tinues to be used This larefaction is merely one element, howevei, m the com- 
plex of changes that evohe in the affected part This complex includes rapid 
wasting of the local muscles and subcutaneous tissues and changes m the skin, 
which becomes cyanotically mottled, atrophic and scaly In addition, the articular 
capsules of the part may shrivel so that articular function becomes consideiably 
limited 

The post-traumatic syndrome is most familiar as localized in the hand or foot 
Post-traumatic collapse of a vertebral body is undoubtedly another expression of 
it However, material permitting adequate exploration of the pathologic-anatomic 
changes in this condition in these various localizations seems not to have become 
available 

The case being presented should contribute to knowledge of the pathologic 
nature of the condition in general It also seems worth reporting in its own right 
as representing a rare localization of the disorder Indeed, it hardly seems to be 
known at all that after trauma to a large joint legion without fracture long 
bones, too, may undergo rarefaction I have found in the literature reports of 
only 4 cases even roughly similar to the case being demonstrated Anatomic 
material was not available in any of these, and m all the lesion seems to have 
been misdiagnosed chmcallj In the case being demonstrated here, anatomic 
material did become available This happened because the limb had been ampu- 
tated through the upper third of the thigh on the mistaken assumption that a 
malignant tumor was present in the femur 

The subject, a man of 30, had injured his right knee in jumping off a wagon 
He was unable to continue his work that day Subsequently, he resumed work 
but had some difficulty because of painfulness and limitation of motion of the 
knee Nine weeks after the injury tliere w'as a flexion deformity of the region 
The latter was also tender to touch Otherwise, the general health of the patient 
was good 

Roentgenograms taken about ten weeks after the injury show'ed profound and 
extensive modification of the lower half of the femur There w'as complete 
obliteration of the spongy architectural pattern of the condyles The condjlar 
outlines showed notches in some places and in otliers w'ere so vague that they 
could hardly be traced Proximallj'' to the condyles the rarefaction wms still 
very pronounced The patella, too, show'ed rarefaction, wnth irregularity and 
obscuration of its outline In general, the tibia and fibula for some distance 
below their upper ends wmre also modified in this way As noted, the changes m 
the femur were misinterpreted as reflecting the presence of a malignant tumor in 
that bone, and this is understandable in view of the ambiguous roentgenographic 
appearances I myself ha\e shown the roentgen pictures to several competent 
roentgenologists, giving them the pertinent facts about the case All of them 
stated without equivocation that there w'as a malignant tumor in the femur 
I mention this to show how natural the original erroneous interpretation w'as 
under the circumstances 

In the microscopic sections the bone rarefaction was also manifested in porous- 
ness of the compacta and meagerness of the trabeculae of the spongiosa In the 
cortex large resorption spaces were found, filled w'lth a loose fibrofatty connective 
tissue bearing numerous engorged blood vessels The cortex also presented evi- 
dence that lively reconstruction had been going on in it What is interesting, too, 
IS the absence of osteophj te-hke new bone deposition by the periosteum In the 
spongiosa proper the intertrabecular marrow' w'as fatty, somewhat abnormally 
fibrillar and slightlv edematous The original osseous tiabeculae had been laigely 
resorbed, but such trabecular fragments as had persisted also show'ed evidence of 
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reconstruction and i egeneration There was no e\ idence that these vai lous changes 
had been preceded by aseptic necrosis 

Some years ago Dr William Boyd sent me tissue and copies of roentgenograms 
m this very unusual case and gave me his permission to use this material For 
further details concerning this case, for the light it sheds on the general pathologic 
picture of post-traumatic rarefaction of bones of the hand and foot and of ver- 
tebral bodies and for a discussion of the possible pathogenic mechanisms, the 
reader is referred to an article by me published this year in Radiology 

Spontaneous Tumors of Rabbits and Their Transplantation in the Same 

AND IN Alien Species Harrt S N Greene (by invitation) 

During the past five years, 152 spontaneous tumors have been found and studied 
in a colony of rabbits which averages a population of approximately 800 adults 
Mammary and uterine tumors have occurred in the largest numbers, and their 
frequent occurrence offers an unusual opportunity for pathologic investigation 

The uterine tumors and the acinar type of mammary growths arise without 
observable antecedent abnormal tissue changes On the other hand, the papillary 
type of tumor of the breast originates as an apparently unrelated pathologic state 
and progresses through nonmvasive neoplasia to cancer In such cases repeated 
examination of mammary tissue shows the presence of a continuous disease process 
in which cystic disease, benign neoplasia and invasion occur as succeeding events 
in the breast 

Profound endocrinologic changes distinguish animals bearing the tumors and 
are present from the earliest stages of tumor development Histologically, the 
changes are identical with those observed in animals subjected to long-continued 
treatment with estrone (theelin) 

The tumors have been serially transferred through many generations of labbits 
and have been successfully transplanted to the anterioi chambers of alien species 
including the guinea pig, goat, sheep and hog At autopsy, however, none of 
these animals showed endocrinologic changes similar to those observed in the 
animals bearing spontaneous tumors It is suggested therefore, that the endocrine 
changes are associated with the initiation of neoplasia and that the spontaneous 
tumors represent a natural analogue to the experimental induction of neoplasia 
with estrogenic substances 

DISCUSSION 

Amour F Liber The demonstration of the endocrine changes seems to be 
of particular significance m the rabbit if, as I believe, there is no evidence of a 
hereditary tendency to tumors in that species, as there is in mice The demonstra- 
tion by Lacassagne of the effect of estrogen in producing tumors of the breast 
was made in the males of tumoi -bearing hei editary stocks, so that the demonstra- 
tion of a corresponding effect in stocks presumably not bearing a hereditary 
factor for tumor production would be particularly important I should like to 
ask whether the neuroma demonstrated was in the central or in the peripheral 
nervous system 

Harry S N Greene In the peripheral nervous system 

Amour F Liber It is striking that no tumors of the central nervous system 
are found in rabbits Outside of those observed in human beings and a very 
small number reported in cats, tumors of the nervous system are almost unknown 

Harry S N Greene I ha\e made autopsies on 4,000 to 6,000 rabbits and 
have never seen a tumor of the stomach or of the central nervous system Mam- 
mary tumors of the papillary tvpe occui exclusively in Belgian hares ana in 
Belgian-English hybrids of a single family group The acinar type, on the ether 
hand, occurs solely in a branch of the English breed and in hjbrids derived from 
it The uterine tumors aie more widespread throughout the animal population 
but tend to occur in certain family gioups They are found with the greatest 
frequency m lines in winch the incidence of toxemia of pregnancy is highest, and 
it IS of interest that all animals bearing uterine tumors have recovered from one 
or more attacks of this disorder 
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J Victor Is there any relationship between the sexual history of these animals 
and the occurrence of tuinois^ I wonder whether Dr Greene tried the tians- 
plantation of uterine tumors to the uterus, and if so, was he successful^ Another 
question is whether normal tissues may be transplanted into the eyes of alien 
species with any degree of success 

Harr\ S N Greene I have not tried to transplant normal tissues to foreign 
species Homologous transplants of normal tissue grow w'ell for a period of time 
and offer a convenient means for studying the possibility of a virus relationship 
Fragments of normal endometrium soaked in a filtrate of uterine tumor tissue 
have been transferred to the anterior chamber and, wdiile grow'th occurred, his- 
tologic examination at different periods showed no e\idence of neoplasia 

There is a definite relation betwmen the sexual history and the occurrence of 
the tumors The series of rabbits in w'hich tumors of the breast occurred show^ed 
reproductive abnormalities, including sterility or reduced fertility, W'lth diminished 
size of litter, increased number of deadborn j'oung and poor maternal care, for 
at least six months before the appearance of the mammarj’^ lesions These abnor- 
malities occurred w'lth increasing frequenc3’^ as the disorder progressed, but the 
animals w'ere capable of becoming pregnant and bearing litters up to the time of 
death Animals bearing uterine tumors are usuail} infertile, but a similar reduc- 
tion in reproductne index occurs during the six month period preceding clinical 
detection of tlie grow'tlis The antecedent breeding history of animals bearing 
both types of tumoi is also distinguisheq bj frequent resorption of fetuses 

J Victor Have j ou made anj' studies on the secretion of estrogenic 
substances ^ 

Harri S N Greene We should like to do that, but w'e ha\e been hindered 
by lack of funds and time 

Robert A Moore As I understand it, a tumor of the rabbit transplanted 
into the eye of a rabbit gives metastases Are there metastases wdien a tumor 
of the rabbit is transplanted into the ej'e of an alien species? Do you have any 
information concerning the source of the stroma in the alien species after several 
passages? Is there an}' w'ay of determining w'hether the stroma is still rabbit 
stroma, or guinea pig stroma? 

Harr\ S N Greene I base been anxious to get the tumors giow'ing in as 
many guinea pigs as possible and as a routine base killed animals for transfer 
purposes shortly after grow'th became eiident As a result, there has been no 
case in which a tumor has growm in a guinea pig for a period of time equivalent 
to that required before metastasis occurs in rabbits Guinea pigs now' living have 
borne the transplanted tumors for five months and are being held to determine 
W'hether or not metastasis w'lll occur 

I have been interested in finding out w'hether the stroma of the transplanted 
tumor in these cases w'as guinea pig or rabbit tissue but as yet have not got to 
the point of actual investigation The point can be determined w'lthout serologic 
tests The Shope mvxoma is specific for rabbit connective tissue, and if a tumoi 
in a guinea pig’s eve can be infected with this virus, the identity of the stroma 
as rabbit tissue will be established 

B AI Fried In the early part of this centuiy it w'as demonstrated by many 
observers that in a considerable number of cases an animal in w'hicli a transplanted 
tumor had developed and then receded w'as quite refractory to a second inocula- 
tion The doctrine of resistance (or actne immunity) to malignant disease w'as, 
however, vigoiously combated and denied until Besredka came out w'lth his con- 
ception of “local” immunity against some malignant tumors Besredka found that 
the w'ell know'n epithelioma of Brow'ii and Pearce, which is almost invariably fatal 
w'hen inoculated into the testicle of the rabbit, is harmless to the rodent when 
introduced intracutaneously What is more, an animal in w'hich the malignant 
tumor has been absorbed acquires a lasting immunity to subsequent inoculations 
W'lth the carcinoma irrespective of the organ or the structure utilized Dr Greene 
has just demonstrated his interesting experiments w'lth the spontaneous cancers 
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which he often found in aged rabbits He succeeded in transplanting these tumors 
to homologous and heterologous animals He noticed, too, that the transplanted 
tumors receded after having reached considerable dimensions I wonder whether 
he has attempted to ascertain whether these animals with healed tumors became 
immune (or resistant) to subsequent inoculations with the same malignant neoplasm 
Harrv S N Greene Simultaneous inoculation of both eyes or of one eye 
and a testicle gives rise to growth in both locations If the second inoculation 
IS delayed for thirty-five dajs, growth still occurs, but if the second inoculation is 
delated for one hundred and thiitj'-five days, reinoculation is unsuccessful It is 
assumed that a refractory phase develops in response to the continued presence 
of growing neoplastic cells It seemed possible that the long delay of metastasis 
in animals bearing spontaneous tumors, in spite of the presence of neoplastic 
cells m the blood stream from an early period of tumor development, might be 
related to a similar phase To test this possibility, tumor material derived from 
one of the serial eye generations was transferred to the anterior chambers of 
animals bearing spontaneous uterine growths of the same nature The success of 
transplantation was apparently directly related to the age and size of the spon- 
taneous growths "Takes” occurred and subsequent growth was rapid in all 
instances in which the spontaneous tumor was old and large On the other hand, 
complete failure or extremely slow -glowing nodules w'hich were no more than 
doubled in size after six months of growth followed transfer to animals with small, 
early uterine tumors Histologically, the small, slow-growing nodules were char- 
acterized by an abundance of stroma and a well differentiated epithelial structure, 
in direct contrast to the appearance of transplants in the eyes of normal animals 
It IS conceivable, therefore, that a refractory phase may arise m response '■o the 
presence of the primary grow'th in spontaneous cases and possibly account for 
the long delay of metastasis 

Sarcoma of the Trachea Tobias Weinberg (by invitation) 

Two cases of sarcoma of the trachea are reported, increasing the total of 
reported cases to 34 Both occurred in men, aged 50 and 34, respectively The 
former gave a clinical history covering five years, and the latter one co/enng 
fourteen months The first patient’s lesion was diagnosed at biopsy as “suggestive 
of mixed tumor of the salivary gland type” The postmortem specimen showed 
the characteristics of myxosarcoma Reexamination of all the biopsy specimens 
showed gradual transition into that of the postmortem picture, and because of 
this the possibility was considered of a unilateral development of a mixed tumor 
into a myxosarcoma The second patient’s tumor was typical spindle cell sarcoma 
The tumors in both patients rvere situated both endotracheally and peritiacheally, 
the myxosarcoma destroying the cartilages in its path 

Sarcoma of the trachea is slow growing It may be present for a long time 
before producing clinical manifestations The latter are apparently causea pri- 
marily by collapse of the w'all, due to destruction of the cartilages involved The 
exaggeration of symptoms is usually due to increase in the endotracheal growth 
of the tumor mass itself 

Usually the tumor is situated in the upper third of the trachea and arises from 
the posterior and lateral walls It occurs in the earlier decades of life, and its 
occurrence is equally divided betw'een the sexes IMost of the cases descr’bed in 
the literature have been instances of the spindle cell variety, 2, however, have 
been cases of myxosarcoma 

The tumor is only locally malignant, metastases being rarely reported and 
then being present only regionallv Aspiration metastases to the lung and carina 
were present in the second case reported 

Accordingly, death is not induced by the inherent malignancy of the tumor 
but rather by a complex mechanism imohing the respiratory and cardiovascular 
systems The tracheal stenosis produced by these tumors leads to emphysema 
and subsequently to right ventricular hypertrophy and ultimate cardiac failure 
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Alfred Plaut, Picsidcnt 
Rcgnlm Monthly Meeting, Apiil 27, 1939 
Robert A. Moore, Secictaiy 

Xeroderma Pigmentoslm DSD Jessup 

A case of xeroderma pigmentosum winch had readied the tumor stage is 
reported The patient, a boy of 12 years, and his brother two years older, who also 
has the disease, have been under observation for eight yeais Thej’- are the only 
children of their parents, who are not related The family history is noncontribu- 
tory The tumor formations are confined to the face and have been treated by 
desiccation and trichloroacetic acid, and more recently by excision Pathologic 
examinations have shown four squamous cell carcinomas and one basal cell 
carcinoma At present the patient’s nutrition is good, and there is no anemia 
Besides excision of the tumors, treatment has consisted in maintenance on a high 
caloric diet with cod liver oil and intramuscular injections of liver extract There 
has been no evidence of metastasis to the Ij^mph nodes and in considering this 
disease of infancy and childhood it is interesting to note that the literature does 
not show any reports of metastasis to lymph nodes from cutaneous carcinoma 
in cases in which the diagnosis was verified b> microscopic examination Death 
is usuallj’^ due to malnutrition and anemia, and, of the 3 patients reported as having 
come to autopsy, only 1 presented evidence of visceral metastasis, and this 
was a melanosarcoma of the liver, which was considered secondary to a non- 
pigmented sarcoma of the face 

The paper will be published m the Amencan Joninal of Cancel 

Acquired Parasternal Diaphragmatic Hernia on the Right Rudolf 
A CoLMERS (by invitation) 

An obese woman 77 years old died with a clinical diagnosis of cardiovascular 
disease There was a history of repeated abdominal pain on the right when the 
patient was in her forties for which appendectomy and later cholecystectomy were 
performed without lasting beneficial results At the age of 57 she underwent an 
operation for a femoral hernia A few j'cars later she began to have bronchitis 
with marked dyspnea and cardiac insufficiency At this time the first roentgen 
examination of the chest was made and revealed a peculiar shadow in the right 
lung field No definite diagnosis was made, but neoplasm was considered In the 
following terminal fifteen years of her life the roentgen findings remained 
essentially the same A diagnosis was never established At no time was there any 
barium sulfate given to aid roentgen examination The significant findings at 
necropsy were as follows 

The diaphragm was at the level of the fifth rib on either side Behind the 
xiphoid process and slightly to the right, at the site of the muscle-free space of 
Larrey, there was a round hole, S cm in diameter, on the under surface of the 
diaphragm This hole was the orifice of a hernial sac which extended upward, 
outward and slightly posteriorly into the right thoracic cavity, reaching the level 
of the third nb anteriorly It was entirely covered by pleura Its anterior wall 
was formed bv rather loose connective tissue, its posterior wall, by the tendinous 
portion of the diaphragm Its inner surface was lined by peritoneum In this 
hernia, a loop of transverse colon, part of the great omentum and the upper part 
of the round ligament of the liver were found The contents of the sac were 
easilj"^ removed and showed no signs of vascular disturbance The hernia displaced 
the markedly enlarged heart to the left There were signs of a healed mild 
adhesive pericarditis and considerable adipositas Most remarkable was the middle 
lobe of the right lung, which was reduced to a thm strip of fleshy tissue It 
contained a calcified nodule, apparently a healed primary tuberculous focus Its 
bronchus was of normal caliber, but about 1 cm from its root it showed an 
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upward kink, and from this point on its lumen was collapsed Microscopic 
examination revealed ad\anced atelectasis and fibrosis, with much coal pigment 
present Corpora amylacea were found in some of the alveolar spaces Elastic 
fibers were abundant and were present also in the collapsed alveolar walls The 
anatomic diagnosis, therefore, is true parasternal hernia on the right, with displace- 
ment of the heart to the left The right middle lobe showed compression 
atelectasis 

Parasternal hernia on the right is relatively infrequent According to Hedblom, 
the instances form about 3 per cent of all cases of diaphragmatic hernia In the 
literature there are reports of about 60 cases, many of which include only roentgen 
findings, recent necropsy reports being relatively rare The instance reported 
here is the only recorded case of right-sided parasternal diaphragmatic hernia in 
which there was shown acquired total atelectasis of the middle lobe of the right 
lung This IS of importance because of the light that it throws on the causes of 
the condition 

It IS believed that the parasternal diaphragmatic hernia in this case developed 
during adult life, for the following reasons 

1 The patient falls in a group of patients whose age and constitution are 
generally considered to predispose to parasternal hernia 

2 The clinical symptoms referable to the hernia did not appear until the 
patient was middle aged 

3 The many elastic fibers in the alveolar walls of the atelectatic portion of 
the lung prove that this compression atelectasis developed in extrauterme life 

4 The abundant coal pigment in the atelectatic lobe shows that this condition 
must have been acquired rather late in life, and therefore the time of formation 
of this hernia narrow's down at least to adult life 

As this case in every respect fits into the classic picture of parasternal 
diaphragmatic hernia and as the time of onset is clear, strong support is lent to 
the correctness of the theory that such a hernia is acquired in extrauterine life 

DISCUSSION 

Herbert J Wiener I should like to compliment Dr Colmers on his 
careful preparation and excellent presentation of this case It is a case I knew 
very well and followed for a good many years From the clinical angle it is 
of considerable interest that when the first roentgenograms of this patient’s chest 
were taken and this peculiar shadow appeared coincident with the clinical symptoms 
of rather severe bronchitis, it was debated whether there might not be an 
encapsulated intralobar effusion, and it was suggested and favoied by one con- 
sultant that a paracentesis be done Obviously, that would have been an unfor- 
tunate procedure, because it would likely have led to an infection of the area 
punctured The symptoms really could not be attiibuted to anything but a 
pulmonary involvement from the clinical study, which was made by a number 
of excellent men No one even considered the possibility of a diaphragmatic 
hernia 

R A Colmers I talked over the roentgen findings with Dr William H 
Mever, our radiologist He said that it was impossible to make a diagnosis of 
diaphragmatic hernia from the flat plate but that this condition should be one of 
the first things to be considered As diaphragmatic hernia occurs on the right side 
m only about one sixth or one seventh of all the cases phjsicians do not generally 
take It into consideration in making a differential diagnosis Parasternal hernia, 
however, is as frequent on the right side as on the left 

Pulmonary Atresia and “Tetralogy of Fallot” Louise H Meeker 

The case is that of a 54 day old boy whose weight at birth was normal, 
9 2 pounds (4,173 Gm) There were no obvious abnormalities The babv w’as 
cyanotic from birth and unable to live outside an oxygen tent There was a history 
of tremors shortly after birth 
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The family history was not impoitant The patient was the thud living child, 
the 2 others were twins , another child had died on the third day The patient 
was admitted to the hospital at the age of 14 days The color was indigo blue 
on exertion There was sucking in of costal interspaces on exertion No heart 
murmurs were noted at an> time 

The roentgen pictures showed the typical cocm cn sabof considered b}" Rossle 
diagnostic of the tetralogy of Fallot, i e , apex formed of right ventricle with 
notch and left ventricle apex above notch, defect in shadow of pulmonary artery 
and prominence of transposed aoita at right 

The autopsy showed no abnormalities The lingula of the lung was A'ery large 
The heart weighed 58 Gm The aorta, with three heavj" semilunar cusps, was 
enlarged and in dextroposition, riding ovei the interventricular defect due to the 
absence of a membranous septum There were complete atresia of the pulmonary 
artery, patent ductus arteriosus and pulmonary arteries dividing above this point 
The right ventricle w'as much enlarged The left side of the heart was hypoplastic 
Fallot considered that these anomalies constituted a disease entity and w'cre 
the commonest cause of congenital cyanosis 

Prolonged Hyperpyrexia with Necrops\ Ward J AIacNeal, Heart H 
Ritter (by invitation) and S Milton Rabson 

A graduate nurse aged 26 had a surgical revision of the stump of her left 
index finger on June 21, 1938, for persistent low grade osteomyelitis This operation 
was followed by extension of the infection, persistent severe headache, musculai 
incoordination and gradually rising temperature Blood cultured on July 8 and 11 
yielded a growth of Staphylococcus aureus The temperature reached 106 F at 
8pm on July 11 On the next day divided doses of stock staphylococcus 
bacteriophage were given intravenously to a total amount of 200 cc At 8 o’clock 
that evening the rectal temperature reached 113 F , at midnight it had fallen to 
99 4 Subsequentlj'^ the temperature rose again and varied from 104 to 109 
for many weeks, with occasional excursions outside these limits up to 110, 111 
or even 112 After a period of apparent improvement, the offending finger was 
disarticulated at its base on September 17 Following this operation the patient 
failed rapidly, acquired a severe colon bacillus infection of the urinary tract and 
after several attacks of respiratory failuie died, October 9 Necropsy, performed 
after a delay of twenty-six hours, disclosed marked cerebral edema, pial hemorrhage 
in the left frontal and parietal areas, marked congestion of the right basal 
ganglions and of the pons, and in the left side of the cerebellum an irregular 
cavity occupying the major portion of the site of the dentate nucleus and 
extending to the right to involve the medial portion of the right dentate nucleus 
Microscopically, the lining of the cavity consistea of disintegrating brain substance 
Rod-shaped bacteria could be recognized in the biain tissue and were crowded 
together in its blood vessels Inflammatory reaction vv^as not recognized, nor 
could any evidence of a neoplasm be found 

This article wall be published in full in the Archives of Inietiial iledtctnc 

DISCUSSION 

Milton Helpern I should like to ask Dr MacNeal how long it was after 
the autopsy that the brain was sectioned, or whether it was sectioned at the time 
of the autopsy, because I think the cavities look suspiciously like the postmortem 
Swiss cheese holes one sees in brains which have remained in solution of 
formaldeliT'-de for some length of time before sectioning, especially when the post- 
mortem interval before autopsy is long 

Alfred Plaut Was there any indication of cavities or pseudocavities m 
other parts of the brain ^ Many jears ago mj"^ colleagues and I were confronted 
with the question of thermometer fraud in a patient We then simplj pushed 
the thermometer beyond the lev'el of the sphincters, after having attached it to a 
string, and afterward pulled it out Even the most skilful faker cannot do 
anything to a thermometer which is almost in the sigmoid 
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Ward J MacNeal Tlie brain was not sectioned immediately, but at 
necropsy the lateral ^entrlcles of the ceiebrum were opened and the brain was 
then suspended in solution of formaldehyde The cavity m the cerebellum was 
disco\ered onl> after fixation for about a week There was no sign of a similar 
disintegrating process anywhere else For that reason we feel that the evidence 
leaves something to be desired The importance of this particular observation seems 
not to have been appreciated at the time It was only on subsequent study that 
one realized that here was something of considerable importance The same 
criticism holds true m regard to the observations on temperature In spite of my 
urging that the temperature should be taken bj' mouth and rectum simultaneously, 
this was done for only about four days, and then there was definite rebellion 
and it was impossible to haAC it continued ObMOuslj one’s interest m such a 
case may not be shared bj' every one concerned 

After a death one is not permitted to do anything to the body Avithout the 
authorization of the superintendent’s office, and although I was regarded as an 
intimate friend of the patient and her famih', and all the members of her family 
in New York weie willing to grant permission for an autopsy, the executive 
officer was unable to allow anything to be done until the legally responsible 
member in California had been consulted 

The whole subject is to mv mind rather tragic, but if one reads the literature 
of genuine and fraudulent hyperthermia one finds it has a comical side There 
is another paper, dealing with the literature, which will appear along Avith this 
one Temperatures er'cn above 160 F have been reported, as some of the members 
maj" know 

Experimental Transmission of Endocarditis Lenta Ward J MacNeal 
and (by invitation) Martha Jane Spence and Marie Wasseen 

Endocarditis lenta, a specific infectious disease of man, has been transmitted 
to a large proportion of experimental rabbits by repeated intravenous injections 
of large doses of pure cultures of Streptococcus viridans isolated from the blood 
of human patients The cardiac vegetations in the rabbits are large and easily 
recognized by gross inspection, and these lesions exhibit to a large extent the 
characteristic gross and microscopic features of the human disease Large colonies 
of the streptococci are present Apparently, however, the rabbit possesses a 
relatively high natural resistance to the infection, the endocardial lesions showing 
a real tendency to heal This evident balance between the forces of infection and 
resistance would seem to make the rabbit a valuable experimental animal in Avhich 
to study the phases of extension and of healing and also the influence of various 
therapeutic measures on such processes 
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Spirochetal Jaundice in Buffalo Norman W Elton 

A fatal case of Weil’s disease is presented which Avas recognized clinically 
because of the combination of azotemia, jaundice and hemorrhagic manifestations 
on the sixth day of illness Death occurred on the tenth day of illness A white 
guinea pig inoculated subcutaneously in the groin Avith urine obtained by catheter- 
izing the patient’s bladder on the day of admission to the hospital (sixth day of 
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illness) died thirteen days later with intense, spectacular jaundice, and multiple 
foci of interstitial hemorrhage m the lungs Sections of the liver of this guinea 
pig prepared with the Levaditi stain exhibited great numbers of typical leptospiras 
in “c” and “s” forms, having tapered hooked ends A second white guinea pig 
was inoculated in the same manner with urine aspirated from the bladder ot the 
first guinea pig at autopsy on the latter animal, and died showing the same gross 
and microscopic picture on the tenth day 

This case constitutes the eighth reported to date m the United States m which 
death was pioved to be due to leptospirosis icterohaemorrhagica, the third m 
which the disease was known to have occurred in a fish handler in this country 
and the first to occur m the Great Lakes port of Buffalo 

This article will appear in full in the Ameitcait Journal of Cltntcal Pathology 

Pathogenesis or Tuberculous Meningitis K Terplan 

For the present discussion 23 cases of diffuse tuberculous meningitis in chil- 
dren, proved to be such by postmortem examination, were selected In 6 of these 
tuberculomas were found, either single or in small numbers in different parts of 
the cerebral cortex, cerebellum and brain stem ganglions, varying in size from 
that of a lentil to that of a small hazelnut Only in a single instance did the 
leptomeninx above the cortical tuberculoma show more pronounced meningeal 
tuberculosis In all cases the typical anatomic picture of tuberculous meningitis 
was present, the exudate being especially dense m the basal cisterns and in the 
choroid plexus In the 6 cases m which tuberculomas w'ere found in the brain 
substance there were also huge hematogenous tubercles in the spleen, liver and 
lungs In all cases in w'hich only few miliary tubercles weie seen in the liver, 
spleen or kidneys and almost none m the lungs there were no tuberculomas in 
the brain substance but rather uniform basal tuberculous meningitis As in all 
cases the brain substance w'as carefully examined for tuberculous lesions, the 
findings in these cases do not support the view of Rich that m the majority of 
cases tuberculous meningitis follows direct extension of parenchymatous tubercles 
into the subarachnoid space The findings support rather the work of Kment in 
Ghon’s laboratory, who found that tuberculous meningitis with the typical basal 
localization is always associated w'lth tuberculous lesions in the choroid plexus 
and with recent tubercles in the leptomeninx In cases in which tuberculous 
meningitis had extended fiom a cortical tuberculoma, the process remained more 
localized and was most pronounced in the region of the parenchymatous tubercu- 
loma In those cases the typical picture of diffuse tuberculous meningitis was 
not present That the escape of tubercle bacilli into the spinal fluid is most 
probably secondary to formation of recent tubercles in the leptomeninx had been 
stressed already by Askanazy and Korteweg, w^riting almost twenty years ago 
The material in the present cases entirely supports the view that diffuse tubercu- 
lous meningitis with the classic basal localization of the exudate is either plexo- 
meningeal or merely meningeal genetically In addition the material included 
several instances in which m adults huge tuberculomas w'ere found in the Drain 
substance, infiltrating the leptomeninx, and huge meningeal tuberculomas of plaque- 
like appearance without evidence of diffuse tuberculous meningitis In all these 
instances the plexus was normal and so also w'as the entire leptomeninx outside 
the area in which the tuberculomas were found 

Purulent Peritonitis Following Appendicitis Due to a Member or the 
Typhoid Bacillus Group, Eberthella QEdematiens, de Assis Erwin 
Neter 

Some bacteriologic and immunologic observations are presented from a study 
of a patient with purulent peritonitis due to Eberthella oedematiens, de Assis This 
seems to be the first report of its kind 
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The patient was a girl 18 yeais old, whose past historj’’ was without signifi- 
cance For two days prior to admission she suftered severe pain in the right 
lower quadrant of the abdomen, associated with nausea and vomiting On hei 
admission to the hospital her temperature was 100 2 F and her pulse rate 78 
Examination revealed nothing pathologic except rigidity, spasm and rebound ten- 
derness in the right low'er quadiant of the abdomen, particularly over McBurney's 
point The urine w'as normal , the blood show'ed 4,120,000 red cells, w’lth hemo- 
globin 86 per cent, and 16,000 white cells, with 60 per cent polymorphonuclears, 
18 per cent bands and 22 per cent lymphocytes On operation diffuse purulent 
peritonitis and a gangienous appendix without perforation w'ere found The 
appendix was removed and the abdomen diained The patient made an uneventful 
recovery 

The micro-organism isolated from the peritoneal exudate of the patient on 
twm occasions was a gram-negative motile bacillus, which produced acid vithin 
eighteen hours from dextrose, maltose and mannitol At that time lactose was 
not fermented No gas was formed in any of the substances tested After con- 
tinued incubation, however, acid (but no gas) was produced also from lactose 
Gelatin was liquefied , indol w'as produced , litmus milk was acidified and clotted 
The strain was not agglutinated by either anti-Eberthella typhi or anti-Shigella 
djsenteriae and paradysentenae serums The formation of indol clearly differ- 
entiated this micro-organism from Eberthella typhi, and, on the other hand its 
motility, from members of the Shigella group The micro-organism isolated from 
the present patient corresponded to E oedematiens (de Assis, A Estudos sobre 

0 genero “Eberthella” Buchanan, 1918, Sobre dois novos bacillos pseudotyphicos 
Eberthella tarda e Eberthella oedematiens, Bol Insl Vital Biaail 5 3 [Sept] 
1928), and was found to be identical in its cultural characters with the two strains 
of E oedematiens obtained from Dr de Assis When rabbits were inoculated 
intravenously with the strain described (a hcat-killed as well as a living suspen- 
sion), agglutinins readily developed The antiserum caused large floccules with a 
formaldehydized suspension and very fine floccules with an alcohol-treated sus- 
pension The serum prepared with the strain described here failed to agglutinate 
the two strains of de Assis This finding supplements the observation of de Assis 
that his two strains were antigenically different 

The patient’s serum ten days after the onset of the illness failed to agglutinate 
the strain of the patient, neither did the serum cause agglutination of the two 
strains of de Assis Unfortunately, an examination of the patient’s serum at a 
later time was not possible 

Further Investigations on the Pathogenesis or Hemorrhagic Nfcrotic 
Lesions in the Intradermai Pneumococcic Infection of Rabbits 
E WiTEBSKY, E Neter and H Ward 

There is a close resemblance between the hemorrhagic necrotic lesion occurring 
in the rabbit infected intradermally with pneumococci virulent for rabbits and the 
so-called Shwartzman reaction In the experiments to be described we tried to 
correlate these two phenomena The site in a rabbit in which pneumococci had 
been injected intradermally and which produced swelling and erythema could be 
transformed within three to four hours into a hemorrhagic necrotic lesion by 
injecting intravenously an agar-washing filtrate of a culture of Bacillus typhosus 

01 meningococcus prepared according to Shwartzman’s technic 
Pneumococci when examined for their capacity to produce active agar-washing 

filtrates were found to be negative Active factors, however, could be obtained, 
though yet with irregularity, from the pneumococci themselves, especially when 
autolysates were used The reason for the irregularity is probably based on the 
fact that the substance under investigation seems to be very labile as far as tem- 
perature and contact with air are concerned 

In our former experiments we were not successful in transforming the site 
receiving an intradermai injection of Shwartzman toxin or pneumococci respec- 
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tively, into a hemorrhagic necrotic lesion by means of an intravenous injection 
of a suspension of living or heat-killed pneumococci The difficulties, however, 
were overcome when pneumococci were grown in 2 per cent devtrose broth One 
liter of dextrose broth was centrifuged, and the sediment suspended in about 
25 cc of saline solution If a heav}’’ suspension of pneumococci of that type is 
used, it is possible to transform a primar> lesion of the tj^pe described into a 
hemorrhagic necrotic lesion by means of an intravenous injection of such a sus- 
pension In one series of experiments intracutaneous injections of Shwartzman 
filtrates (obtained from meningococci) were given , in the second series rabbits 
were given intiadermal injections of pneumococci Twenty-four hours later a 
heavy suspension of pneumococci of tj'pe I was given intravenouslj’’ Within two 
to four hours the majority of these animals showed a hemorrhagic necrotic lesion 
at the site of the intradermal injection while the respective controls, not given 
intravenous injections, revealed no hemorrhagic necrotic lesion whatsoev^er The 
addition of solution of formaldehyde U S P in 0 4 per cent concentration seemed 
to kill pneumococci rapidly without apparently reducing their capacity to induce 
the reaction under investigation While further experiments are necessary in 
order to obtain more regular results than have been possible so far, the positive 
observations seem already to add further proof to our original hypothesis, accord- 
ing to which septicemia may be not onl}’’ a symptom but also an important factor 
in the pathogenesis of hemorrhagic necrotic lesions of pneumococcic infections 


PATHOLOGICAL SOCIETY OF PHILADELPHIA 
Baxter L Crawford, Picsidcnt 
^ Rcgulai Meeting, Dec S, 1938 

Herbert L Ratcliffe, Sccictaiy 

The Annual Gross Lecture Further Studies on the Pathogenesis of 
Vascular Disease M C Winternitz 

The objectives of the stud}' of vascular disease which my associates and I have 
carried on for the past three years have included that of a clearer understanding 
of the structure and function of the blood vessel wall Especial attention has been 
directed toward the mural blood supply in arteries and in veins and to the corre- 
lation of this with the many manifestations of vascular disease 

The basis for an understanding of the vascular pattern in the blood vessel wall 
was laid by the embryologic studies of Bremer The demonstration of this pattern 
in normal vessels of adults is not possible in all instances, and the pattern v'aries 
in different animal species It is rarely demonstrable in entirely normal arteries 
of young human beings However, the vessel wall in its response to injury often 
demonstrates an abundant vascular netw'ork vnsible because of its contained red 
blood cells and so arranged as to suggest that it is preformed 

The study of the nutrition of the intimal coat is complicated by the difficulty 
of establishing a definite norm for the thickness of this layer However, rapid 
proliferation of intimal tissue is associated with a rich capillary plexus , the acute 
processes in the vessel wall which often lead to serious sequelae are accompanied 
by all the manifestations of exudation that are found in other situations, and the 
degenerative changes m thickened vessels are found to be associated with oblitera- 
tion of preexistent vasa v'asorum 

The v'asa v'asorum have three portals of entry into the blood vessel wall, the 
majority arise in the adv'entitia from larger branches and penetrate the medial 
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coat Another group arise from the intinial surface as direct penetrating blanches 
from the moutlis of primary blanches of the vessel These enter the vessel wall 
and form an anastomotic plexus immediately around the orifice of the bianch, 
from which secondary feeders are given off to the vessel wall in the region A 
third group enter the vessel wall from the lumen and anastomose with the branches 
of the other groups 

With the use of clearing methods, it has been shown that hemorrhage, vaiying 
from very fresh and very small extra\ asations to very old and very extensive 
accumulations of blood, may be found m any of the coats of the artery and, 
indeed, of the vein also Such hemorrhage ma> be bright red or dark led, orange, 
yellow and e\en green As ma\ be anticipated, theie is an associated deposition 
of iron pigment The macrophage mav be seen m fresh lesions, laden with red 
blood cells as well as iron These phagocvtes contain much fat, stamable with 
Sudan III As many of these sudan-stained granules cannot be distinguished 
from red blood cells, which are also phagocjtosed, the question of their relation- 
ship arises A study of this problem has been made by injecting red blood cells 
as well as other substances into the peritoneal cavities of rabbits under vaijing 
circumstances This work has led to the conclusion that, while macrophages 
derive their fat content m othei ways, the evidence that both iron and fat may be 
denvatwes of led blood cells ingested by them is all but incontrovertible Con- 
firmation is secured by the studj of hemorihage in other conditions — foi example, 
thyroid adenoma or infarcts Furthermore, disintegrated blood, in sinusoids wnthm 
the vessel wall, often seems to proMde a nucleus for calcification 

The causes for the ^arlablllty m the vascularity of the different coats of the 
artery’' wall are no more clear than are those for the hemorihage The fact that 
vascularity is present m these coats, how'ever, indicates that the blood vessel wall 
may react to irritants much as any other vascular tissue does, and that exudation 
of fluid, cellular elements and fibrin, as w'ell as of red blood cells, may be 
encountered at different stages of disease of the vessel wall The conditions which 
determine hemorrhagic exudate in the w'all of the vessel must confoim in general 
to those associated with similar exudate in other tissue 

From time to time one sees examples of disease that suggest strongly that 
infection plays a role in the production of lascular lesions Particularly striking 
have been several cases of endocarditis due to Streptococcus viridans wdiich 
occurred either m children, associated with patent ductus arteriosus, or in adults 
In such cases there may occur lesions of the pulmonary artery and aorta, with 
or without intimal vegetations, w’hich seem to have follow’ed the adventitial vasa 
vasorum through the vessel w'all to the intima The changes may be both chronic 
and acute, indeed, it seems that a chronic process may give rise to the vascularity 
through which the acute process is mediated 

Lesions such as these have great similarity to those produced by Spirochaeta 
pallida and by the virus of rheumatic fever The question arises whether syphilis 
and rheumatic disease of the blood vessel wall are as sharply differentiated from 
lesions due to other agents as has been believed A boy of 18 years who died 
after a protracted course of chronic nephritis had focal areas of thickening in 
the coronary arteries These were associated wnth sharp breaks of the elastica 
and muscularis of the media and vascularization of the vessel wall, extending 
through the medial coat from the adventitia Serial examination of coronary 
vessels quite frequently shows such breaks in the media with more or less cellular 
infiltration of the adventitia and with thickening of the intima Anatomic changes 
of these types, resembling the vascular lesions so characteristic of syphilis and 
rheumatic fever, make it essential to seek in infection, or perhaps, as a corollary, 
in allergy 

To illustrate the possible role of infection in lesions of the vessel wall, a senes 
of experiments w’as devised In the first place, it was found that the normal 
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femoral artery of man could be injected via the lumen of the neighboring vein 
With this established, into the walls of veins of goats was injected a minute 
quantity of one of se\eral organisms Staphylococcus aureus, Streptococcus 
viridans, or a strain of Bacillus pyocyaneus isolated from a necrotizing intestinal 
arteritis encountered at the postmortem table The extent of the lesion was 
determined after var3'ing intervals 

The lesions in the wall of the vein varied from acute phlebitis, with or without 
thrombosis, to fibrous intimal plaques, depending on the organism used as well 
as on the duration of the experiment Changes in the neighboring artery consisted 
of intimal proliferation, which was often quite rapid, exudation, with precipitation 
of fibrin in the vicinity of the internal elastic lamella, and, later, dense fibrous 
intimal thickening Although in most cases the injection was made into a loose 
vascular tissue surrounding both artery and vein, it vas sometimes possible to 
demonstrate what was apparentlj" a vascular passagew aj"^ for the infection from 
\ein to arterjf A lesion of the femoral vein and artery closely resembling these 
experimental lesions was encountered recentl}' in a man at autopsy 
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Etude morphologique et biologique sur les flagelles intestinaux parasites 
des Mundes Etude comparative des flagelles du Cobaye By Leon 
Morenas Pp 234 Price, 60 francs Pans Alasson & Cie, 1938 

In this monograph on the parasitism of the Alundae by intestinal flagellates 
the emphasis is on the biologic rather than on the morphologic studies The hosts 
studied were Epimys norvegicus, Epimys rattus (rattus and Alexandnnus), Mus 
musculus, Apodemus sylvaticus, Pitymvs subterraneus, Pitymvs duodecimcostatus, 
Anicola amphibius and Cavia porcellus The genera Oikomonas, Sphoeromonas 
and Selenomonas (of the Monadidae) are considered to be coprozoic, whereas the 
genera Monocercomonas, Tnmitus and Eutnchomastiv are thought to be young 
or transitional forms of Tiichomonas Enteromonas is considered to represent 
true parasites Two new species of trichomonads are described Trichomonas 
guiarti of the rat (which has been previously considered a Retortamonas) and 
Ditnchomonas lavien from Pitymys subterraneus A Trichomonas identical with 
Trichomonas parva of the rat was found in the field mouse, Arvicola amphibius, 
a rodent widely different from the rat but of similar habits Chilomastix mtes- 
tinahs was observed m the guinea pig and Chilomastix bettencourti in rats and 
mice, and Chilomastix ca\iae was found again in the guinea pig and restudied 
Among the Diplomonadidae, Hexamita muns and Syndyomita intestinalis \\ere 
observed The only new finding m connection with the Giardiae is that the dwaif 
form of Giardia microti (from the field mouse) constitutes a new species 

Although the comparative frequence of infections in laboratory rats was 
higher than in sewer rats, the parasitic index in the latter was higher than has 
been generally admitted Wild mice are parasitized only exceptionally, whereas 
Muridae of the fields (black rat, field mice) are parasitized nearly uniformly In 
the latter case, however, the parasitism is usually single in an individual host 
The appearance of parasitism in the young corresponds with the beginning of the 
weaning period and is correlated with the modifications of the intestinal flora 
Hexamita and Giardia appear more precociously than Trichomonas and Chilo- 
mastic because of being less influenced by dietary modifications 

The conditions which determine the parasitism are the pn, the diet and the 
flora A progressive alkalinity following the small intestine was found to drop 
abruptly to acidity in the cecum With the exception of Chilomastix (which 
requires an alkaline cecal content), the parasitism adapted itself so well to different 
values of pn as to indicate that the latter plays only a minor determining role 
Casein, the only protein m the diet, had a very unfavorable action on the develop- 
ment of Trichomonas Whereas avitaminosis C m the guinea pig was without 
effect on the flagellate fauna, avitaminosis A in the rat brought about diminution 
and sometimes disappearance of the flagellates This modification was thought to 
act through changes in the metabolism of mucus as well as in the pn and the 
intestinal flora Ratcliffe’s observation that the existence of cecal flagellates seems 
to be incompatible with a flora rich m gram-positive bacteria was confirmed 
This was supported also by cultural findings The author believes that most of 
the flagellates in the Muridae and especially those m the Cavidae should be thought 
of as inquihnes rather than as true parasites 

Les groupes sanguins Leur application a la biologic a la medecine et 
aut droit Professeur Ludwik Hirszfeld, directeur du department de bac- 
teriologie et medecine experimentale de ITnstitut d’Hygiene de I’litat, a Var- 
sovie Translated from Polish by Mme Hanna Hirszfeld Paper Pp 169, 
with 16 illustrations Price, 30 francs Pans Alasson S. Cie, 1938 
The author of this book has played a significant part in the development of 
the knowledge of blood groups Together with von Dungern, he wmrked out a 
hypothesis of inheritance of blood groups, a part of which is still valid, though 
another part was supplanted by the hvpothesis of Bernstein A^on Dungern and 
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Hirszfeld discovered the subgroups Ai and A: Later, during the war, Hirszfeld 
and his wife, the translator of the book, discovered the differences in the ethnic 
distribution of blood groups and thus initiated a new advance of research in 
anthropologj'^ 

The author states in the introduction that he wishes to be like the experimenter 
in attention to details and like the architect in seeing with the eyes of the mind 
the edifice of the futuie He is singularly qualified to do both 

The book is intended for physicians, biologists and lawyers It avoids technical 
details and can be easily understood bv those who have a basic knowledge of the 
biologic sciences 

The first chapter, entitled “The Individuality of Blood,” is a simple and clear 
introduction to the subject matter It includes a historical review 

The following five chapters take up the inheritance of the group properties, 
the subgroups Ai and A:, the newer concepts of group O and the M, N, P, X and 
Q factors Then follow a chapter on the exclusion of paternity and another 
particularly interesting one on the exclusion of maternit}' The distribution 
of group factors in organs, secretions and tumors is treated in a separate chapter 
In the discussion of the application of blood groups m criminologic investigation 
Hirszfeld stresses the sources of error in the interpretation of blood stains In 
the succeeding biief but meaty chapters the following topics are dealt with the 
blood groups in animals, the transmission of agglutmabihty (the so-called Thomsen 
phenomenon), destruction by enzymes, the role of the thermal amplitude, the 
concept of serologic constitution, the ethnic distribution and hypotheses concerning 
the appearance of blood groups A touch of humor is introduced in the brief 
fourteenth chapter, on erroneous applications of the knowledge of blood groups 
to racial theorems which serve political purposes b> appealing to national vanity 
In the final chapter the usual view of the blood groups as static is replaced by 
a concept of dynamic gradations in the quantities of the blood group factors, the 
decrease of the A factor, for example, being accompanied bv a parallel growth 
of property O The role of mutations is presented convincingly 

The clarity of the presentation of complex problems, the synthetic and philo- 
sophic approach, the mastery of the handling, the emphasis on the essentials and 
the brevity make the reading of this book an exhilarating experience It is 
heartily recommended to all who are interested in the subject 

Cancer with Special Reference to Cancer of the Breast R J Behan, M D , 
Dr Med (Berlin), FACS, Cofounder and Formeily Director of the Cancer 
Department of the Pittsburgh Skin and Cancer Foundation Pittsburgh Cloth 
Pp 844, with 168 illustrations Price, $10 St Louis C V Alosby Company, 
1938 

According to the preface, “this book is written primarily for the clinician who 
is seeking to enlarge his knowledge of the cancer problem ” It is intended especially 
for the practitioner of medicine “whose practice is limited and whose collateral 
reading is not sufficiently extensive to familiarize him with the more important 
advances of cancer research and cancer treatment ” It v\ as originally written as 
a treatise on cancer of the breast, but since a comprehensive knowledge of cancer 
in general is required foi the understanding of cancer of any single organ, it was 
extended to include consideration of many phases of cancer The first 14 chapters 
(452 pages) are devoted to cancer in general, with special reference to breast 
cancer, and the remaining 15 diapers (361 pages), to treatment in v'anous forms 
The book is a compilation of the literature on cancer and not an authoritative 
presentation of well digested knowledge of the nature and of the diagnosis and 
treatment of cancer References to the sources abstracted are giv'en at the bottom 
of the page The two chapters on the etiolog> of cancer, especially cancer of 
the breast, carry no less than 454 references, the chapter on pathologic phjsiology 
379 and the chapter on irradiation 320 These figures indicate the scope of the 
compilation The book contains a vast amount of facts and opinions about various 
aspects of cancer and no doubt will be of service, but mainly as a guide or index 
to original sources of information 
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ACUTE POSTOPERATIVE ESOPHAGEAL, GASTRIC 
AND DUODENAL ULCERATIONS 

A FURTHER STUDY OF THE PATHOLOGIC CHANGES IN SHOCK 
ABRAHAM PENNER, MD 

AND 

ALICE IDA BERNHEIM, MD 

NEW -VORK 

In a previous stud}' in which we investigated the pathogenesis of 
acute postoperative enterocolitis we arrived at the conclusion that the 
mechanisms involved in the pioduction of that condition were those 
which formed the bodily responses to shock ^ In several instances we 
were impressed with the occurrence of acute duodenal, gastric and 
esophageal erosions or ulcers simultaneously with typical enterocolitis 
We therefore decided to study a group of cases in which these 
esophageal, gastric and duodenal lesions were present, in order to detei - 
mine whether their occurrence in association with enterocolitis was 
merely a coincidence or dependent on the same vasomotoi mechanisms 
for their causation 

HISTORICAL REVIEW 

The earliest repoit of a case of postopei ative duodenal ulceiation 
was communicated by Bilh oth ^ m 1867 He presented the case of a 
42 year old man with an enormous substeinal goitei which almost 
caused suffocation The man’s general condition was so poor that 
Billroth hesitated to operate and hence attempted to evacuate the fluid 
contents of the cystic gland Since this was not successful, he operated 
and exposed the gland by incising the fascia over it so that the gland 
protruded Owing to the condition of the patient and the fact that the 
gland extended substernally, nothing further was done Twenty-four 
hours later there was abdominal pain, diarrhea, profuse perspiiation and 
lestlessness Two days later the patient was in collapse, and on the 
fourth day it was noted that his bowel movements were tarry He died 

From the Laboratories of the Mount Sinai Hospital 

1 Penner, A , and Bernheim, A Arch Path 27 966, 1939 

2 Billroth, CAT Wien med Wchnschr 17 705, 1867 
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two da}s after this, with a terminal rise in tempeiature At autopsy 
theie weie observed four acute ulcers in the duodenum In his report 
Billroth mentioned that he had been told of 2 other cases , one of these 
was identical with his own , the other was a case of inguinal hernia which 
had become strangulated and was opeiated on aftei fourteen hours of 
vain attempts at i eduction At autopsy in the lattei case seveial heinor- 
ihagic infaicts were encounteied in the stomach and two gastric ulcers 
symmetiically arranged with relation to the lessei currature Despite the 
fact that there were no clinical signs of sepsis and that in his own case 
he specifically noted that the wound was clean, Billroth considered that 
the lesions were embolic in origin and probably septic 

Tvent}-t\\o years later I'on Eiselsberg ® reported a series of 8 cases 
of gastroduodenal bleeding occurnng after operation Of the patients, 
3 survived These patients had enormous hernias, which were finally 
reduced opeiativel}^ The fourth case vas one of carcinoma of the 
rectum, which was resected The patient went into collapse forty-eight 
horns after operation and died three da)'s later Autopsy shoved diffuse 
peritonitis, there were also about 30 fresh hemorrhagic erosions in the 
stomach, of which 2 were about the size of a dime The ulcers showed 
“nothing specific” His other cases vere similar in nature and con- 
cerned incaiceiated hennas He considered the lesions to be the result 
of retrograde emboli from thromboses in the omentum His interest in 
this subject persisted and was evidenced b} the papers of Busse'* and 
von W rnrwarter ® from his clinic These paper s were concerned mainly 
with the clinical features of postoperative intestinal hemorrhage Their 
rnaiir importance lies m the fact that they record observations on cases 
in which the intestinal tract vas not operated on Thus von Winiwarter 
noted these lesions occurring after splenectomy and after operations for 
ectopic pregnancy, hypernephroma and reti opei itoneal sai coma Despite 
this, they affirmed the etiologic significance of retrograde embolism 

Dieulafoy, who is frequently credited with the first description of 
postappendectomy gastroduodenal ulceration®” noted the clinical occur- 
rence of heinatemesis after appendectomy Although he made no post- 
mortem observations in these cases, he considered the process identical 
with that obseiwed m a case of gastric ulceration after strangulated 
hernia, in which he studied the gross and microscopic lesions He 
grouped these with instances of “toxic-mfectious” gastric ulcerations 
in which he had found pneumococci®'’ present in the lesions and iMth 

3 von Eiselsberg, F Arch f klin Chir 59 837, 1899 

4 Busse, W Arch f klin Chir 76 122, 1905 

5 ^on Winiwarter, J R Arch f klin Chir 95 161, 1911 

6 Dieulafoy, G (cf) Presse med 9 73, 1901 , (5) Gastrite ulcereuse pneu- 
mococcique, in Clinique medicale de I’Hotel-Dieu de Pans, Pans, Masson & Cie, 
1899, -vol 3, (c) Exulceratio simplex, ihid, rol 2, p 1 



PENNER-BERNHEIM— POSTOPERATIVE ULCERATIONS 131 


his “exulceratio simplex His clinical clesci iptions leave little doubt 
as to the presence of shock in his cases 

In 1902 Nietzsche" leported an mteiesting case of gastric hemor- 
rhage occurring after appendectomy The patient had been ill with 
peritoneal symptoms for three days befoie coming under obseivation 
He was delirious, piesented maiked distention and regurgitation of 
coffee ground mateiial, and had a weak pulse He was not operated on 
At autopsy generalized peritonitis was found No mesenteric throm- 
boses were observed The stomach showed countless flat ulcers from 
pinhead to pea size distributed m the fundus and along the greater 
curvature and covered with clotted blood Microscopically the mucosa 
appeared well preseived in the areas which were not grossly ulcerated 
Throughout the stomach the vessels and capillaries of the submucosa 
were focally distended with blood Occasionally, normal areas showed 
thrombosed venules in the submucosa In addition, he observed focal 
accumulations of leukocytes — usually noted m otherwise normal areas 
of the mucosa, less often m the submucosa Furthermore, he noted 
focal ai eas in which the free ends of the tubules showed necrosis These 
focal necroses were interspeised between well preserved ones He con- 
sidered the lesions to be due to sepsis 

Similar lesions have been observed m the esophagus (Kaufmann,® 
1909, Pringle, Stewart and Teacher,® 1921) In the series reported by 
Pringle, Stewart and Teachei the esophageal lesions occurred following 
postappendical peritonitis six times, three times subsequent to chole- 
cystectomy for cholecystitis and pancieatitis and once as a result of a 
traumatic rupture of the liver with intra-abdominal hemorrhage One 
instance was noted in which the lesion was found at autopsy following 
death from peritonitis due to perforation of a duodenal ulcer In the 
opinion of these authors the lesions were the result of antemortem 
digestion of the esophagus following regurgitation of gastric contents 
They expressed great surprise at the observation in then case of 
traumatic rupture of the liver with marked engorgement of the mucosal 
vessels and blood pigmentation of the tissues but no cellulai reaction, 
findings which they attributed to the rapid collapse and death of the 
patient Their protocols leave no doubt of the presence of shock in 
their cases 

More recently Bartels was able to find 82 such cases m his study 
of a series of 6,000 esophageal specimens Of these, 55 were post- 
operative He noted that in these cases “it might be said that all the 

7 Nietzsche, E Deutsche Ztschr f Chir 64 180, 1902 

8 Kaufmann, E Lehrbuch der speciellen pathologischen Anatomic, ed 5 
Berlin, G Reimer, 1909, p 388 

9 Pringle, J H , Stewart, L T , and Teacher, J H J Path & Bact 24 
396, 1921 

10 Bartels, E C Arch Path 20 369, 1935 
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operations were lather difficult and extensu'^e, and occasionally, the 
patients constituted poor suigical risks ” Of the remaining 27 cases 
theie were 13 of sepsis in which embolic phenomena could not be ruled 
out In addition, there were 6 instances of chronic ulcerative colitis 
with severe debilitation, and, most interestingly, 1 instance of acute 
coionaiy thrombosis in which death occuried in twenty-four hours He 
notes that “it seems necessaiy that the patient should be debilitated, but 
not necessarily dying before changes can occui m the esophagus ” He 
attiibutes the lesions to the action of reguigitated gastric juice 

It IS well known that about 45 pei cent of instances of melena 
neonatorum vera aie due to ulceration in the esophagus, stomach oi 
duodenum (Shukowsky The pathogenesis of such ulcerations is 
obscure, but their presence in infants on the fiist day of life (Zadek ^-) 
makes a peptic factor unlikely Individual case reports with complete 
autopsy piotocols are not numerous Howevei, Pomorski in 1892 
lepoited the case of a piemature child, boin aftei a normal labor and 
appaiently nonnal, who began to vomit blood two dajs after birth, went 
into collapse and died Necrops}' show'ed a laige hemoiihage in the 
fouith ventricle wuth compression of the cerebellum He also noted the 
remarkable hypeiemia of the gastiic and duodenal mucosa and the asso- 
ciated marked edema and focal hemorrhages Micioscopic study showed 
the marked edema of the mucosa and submucosa with hyperemia and 
pLinctiform mucosal hemorrhages In addition, there was an ulcer in 
the cardiac end of the stomach which extended into the submucosa, as 
w'-ell as several punch foim hemorrhages in the small intestine Similar 
conditions have been descnbed by V assmer,^^ Zadek, Spiegelberg ^ ’ 
and von Preuschen as lesulting fiom inti acranial birth trauma 

The occurrence of such acute erosions and ulceiations in the stomach 
and duodenum has been repeatedly noted in consequence of severe 
cutaneous bums (Curling Harkins^® presented a historical review 
of this subject and referred to a leport by Sw^an in 1823 as the earliest 
lecoid of such a case Furthermore, similar lesions have been noted as 
occurring in instances of prolonged exposure to cold and resultant 
freezing (Adams , Forster Despite the common opinion that these 

11 Shukowsk 3 ^, W P Arch f Kinderh 45 321, 1907 

12 Zadek, I Arch f Verdauung-skr 18 785, 1912 

13 Pomorski, J Arch f Kinderh 14 165, 1892 

14 Vassmer Arch f Gynak 89 275, 1909 

15 Spiegelberg, cited by Landau, L Ueber Melaena der Neugeborenen, 
nebst Bemerkungen uber die Obliteration der foetalen Wege, Breslau, Maruschke 
und Berendt, 1874 

16 von Preuschen, F Centralbl f Gynak 18 201, 1894 

17 Curling, T B Med -Chir Tr London 25 260, 1842 

18 Harkins, H N Surgery 3 608, 1938 

19 Adams, S Am M Times 6 101, 1863 

20 Forster, A klitt a d path anat Anstalt Wurzburg 2 155, 1861 



PENNER-BERNHEIM— POSTOPERATIVE ULCERATIONS 133 


lesions are the result of post-ti aumatic sepsis it should be pointed out 
that the work of Undeihill and his co-workers"^ as well as that of 
Davidson and Matthew indicates that the vascular changes as well 
as the alterations in the concentration of the various components ot 
the blood aie identical with those which occur in shock produced b) 
other means Similaily Haikins^® has shown that blood concentration 
begins almost immediately after freezing has occurred, with a use in 
hemoglobin values to 168 pei cent, and only later leads to the fatal drop 
in blood pressure Fmthermore, m the cases repoited by Adams and 
Foister-® there veie no eMdences of sepsis either clinically or at 
autopsy 

The acute ulcers and eiosions of the esophagus, stomach and 
duodenum desci ibed by Cushing -- and related by him to lesions m the 
interbrain or its various pathways appear to us to belong m this categor} 
In analyzing his 11 case reports we excluded from oux present con- 
sideration 2 cases (6 and 7) in which diffuse vascular disease was 
present (malignant hypertension) and 2 cases (10 and 11) m which 
chionic ulcers were observed Analysis of the remaining 7 cases show's 
that the lesions followed intiacianial operations Most of these opera- 
tions were foi tumors located m the ceiebellum, but one was for a tumor 
111 the olfactory gioove and one for an aneurysm of the basilar artery 
Similarly the tumors vaiied in type, among them weie included astio- 
cytoma, medulloblastoma, angioblastoma and meningioma In contrast 
to these variable factors we note the almost invariable laige loss of 
blood m intracranial operations, wdiich may amount to 500 to 900 cc 
in a simple craniotomy and exploration and to over 2,000 cc in lemoval 
of a large meningioma (White and co-workers’®) Another accom- 
paniment of craniotomy is the di op of intracranial pressure which occurs 
when the dura is incised This leads to overactivity of the carotid 
sinus, resulting in vasoconstriction in the viscera and inciease in the 
secretion of epinephrine ( Ask-Upmark ®‘‘) These are all components 
of the picture of shock 


REPORT or cases 

In a survey of the postmortem records of the Mount Sinai Hospital 
for a period of approximately ten years we found 47 cases m which 

21 Underhill, F P , Canington, G L , Kapsinow, R, and Park, G T Arch 
Int Med 32 31, 1923 

21a Davidson, E C , and Matthew, C W Arch Surg 15 265, 1927 

22 Cushing, H Peptic Ulcer and the Interbrain, in Papers Relating to the 
Pituitary Body, Hypothalamus and Parasympathetic Nervous System, Springfield 
111 , Charles C Thomas, Publisher, 1932 

23 White, J C , Whitelaw, G P , Sweet, W H , and Hurwitt E S Ann 
Surg 107 287, 1938 

24 Ask-Upmark, E • Acta psychiat et neurol , 1935, supp 6, p 1 
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neciopsy revealed the presence of acute gastric or duodenal ulcerations 
or erosions either alone, togethei or in combination with acute ulcerative 
or diphtheritic esophagitis, enteritis or colitis In selecting these cases 
we did not include any in which there was present a diffuse vascular 
disease, such as periaiteritis nodosa, malignant nephrosclerosis or 
chronic glomerulonephritis with uremia Further, we did not include 
any case in which an operation had been performed on the stomach or 
duodenum We also excluded from our consideration cases of definite 
sepsis and cases in wdiich chronic gastric or duodenal lesions w^ere 
present There w'^ere clinical and pathologic data for study in 37 cases, 
but the histologic material w^as necessarily scant and of value in only 
18 cases Foui cases aie reported in detail to illustrate our findings 

Case 1 — H E , a 49 year old man, was admitted to the medical service of 
Dr George Baehr with a four months’ history of a gnawing pain in the left upper 
quadrant of the abdomen, postprandial diffuse abdominal cramps, and anorexia, 
accompanied by infrequent nausea but no vomiting During this period there had 
been noted also progressive weakness, increasing dj'Spnea and a loss of 14 pounds 
(6 4 Kg ) in vv'eight A guaiac test of the stool was 3 plus , the hemoglobin content 
was 80 per cent, the blood pressure was 130 sj^stolic and 90 diastolic An electro- 
cardiogram showed changes indicative of left ventricular hypertrophy with myo- 
cardial damage and intraventricular block A barium sulfate enema revealed an 
irregular stenosing neoplasm in the transverse colon The patient was transferred 
to the surgical service of Dr Ralph Colp, where an exploratory laparotomy 
rev'ealed inoperable carcinoma of the hepatic flexure, with meiastases to the liver 
and the tail of the pancreas Palliative ileosigmoidostomy was performed, and 
the ileum was divided and sutured about 6 inches (15 cm ) proximal to the ileocecal 
valve The first day after operation the patient’s temperature rose as high as 
104 F, and generalized abdominal tenderness developed His blood pressure was 
168 systolic and 70 diastolic Coarse rales appeared in the lower lobes of both 
lungs On the fourth postoperative day the abdomen became markedly distended, 
and drainage from the Levin tube vv'as noted to have a fecal odor The patient 
became C 3 "anotic An electrocardiogiam taken at this time showed only slight 
changes He rallied slightly for a short time under oxygen therapy, then he 
gradually became more cyanotic and died on the sixth postoperative daj' 

Posfiii'Oiiem Obseivatwiis — The peritoneal cavity contained about 450 cc of 
dirty brown, turbid fluid The small intestinal loops were irregularlj'^ agglutinated 
and covered by greenish friable material All the operativ^e suture lines were 
intact The small intestine proximal to the anastomosis was enormously distended 
The serosa of the jejunum showed occasional areas of reddening vvnth pinhead-sized 
hemorrhagic dots The stomach was distended The mucosa of the fundus and 
along the magenstrasse was reddened, and there were a number of hemorrhagic 
dots and pinhead-sized erosions over the posterior wall , a few also were present 
along the upper part of the magenstrasse On the anterior wall of the fundus 
there were innumerable superficial erosions from 2 to 4 mm in diameter, with a 
moderate number ranging up to 6 to 7 mm , the latter being quite red The 
duodenum was distended About a foot from the duodenojejunal flexure the 
mucosa became slightly reddened and covered, especially at the base of the rugae. 




A, focal necrosis in the mucosa of the fundus of the stomach extending 
down to the muscularis mucosae (case 1) In addition, interglandular edema is 
shown, most prominent near the free border of the mucosa B, section through 
the edge of an esophageal erosion, showing the sharp line of demarcation as well 
as the pronounced vascular engorgement and submucosal edema (case 4) 
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by a pseudomembrane of yellowish granular friable material This change was at 
first somewhat scattered but soon became c's.tensive, with the necrotic material 
reaching to the apex of the folds In places there were necroses of the apexes 
of the folds There were two such areas about 6 inches (IS cm ) long with an 
interv'ening area of mucosa of about equal length where the jejunum showed 
nothing remarkable About 6 inches beyond the end of the second necrotic stretch 
there was a small area of reddening of the mucosa with erosion of the apexes of 
the folds The rest of the gastrointestinal tract was without other significant 
changes except for the carcinoma located at the hepatic flexure of the colon 
Additional findings included fibrosarcoma of the tail of the pancreas and hilus of 
the spleen, with metastases to the liver, and bronchopneumonia 

Microscopic examination of the stomach through an erosion showed primarily 
mucosal alterations There was a. focal area of necrosis extending down to the 
muscularis mucosae, in which the glands were destroyed and the tissue consisted 
of an eosinophilic mass with nuclear debris and red blood cells Close to this, 
in the mucosa, was a focal area of hemorrhage In addition, the mterglandular 
stroma appeared widened in places, with some edema fluid present This was 
especially noticeable near the free borders of the glands The underlying submucosa 
showed no significant changes The involved portion of the jejunum showed 
striking dilatation of the vessels of the submucosa, where venous and capillary' 
congestion was also striking Some edema was present The vessels between 
the muscle bundles in the muscle coats were blood filled There were, in addition, 
scattered areas of necrosis, confined mainly to superficial portions of the mucosa In 
focal areas, however, this necrosis extended through the mucosa, and in one area 
there was ulceration extending to the depths of the muscle layer In the areas 
where the ulceration was extensive, there was a considerable cellular reaction, 
primarily of lymphocytic cells 

Case 2 — S K , a 70 year old woman, was admitted to the medical service of 
Dr George Baehr She was known to have had hypertension for two years, with 
progressive dyspnea precordial pain and weakness For three days before admission 
she had experienced anorexia, headache, vertigo, insomnia and rapid respirations 
On admission she was dehy'drated, with poor turgor of the skin and softness of 
the eyeballs , the blood pressure was ISO systolic and 70 diastolic, and the hemoglobin 
content 107 per cent She showed moderate cyanosis and marked peripheral sclerosis 
Her diabetes was controlled by a diet of 80 Gm of carbohydrate, 60 Gm of fat and 
40 Gm of protein with the daily doses of insulin of 10-0-10 units and the 
acetonuria present on admission disappeared Despite this, her temperature rose 
to 105 2 F , intravenous administration of fluids was of no avail, she became 
progressively more dehydrated and died three day's after admission A 25 per 
cent solution of pyridine betacarbonic acid diethylamide (coramine), 3 cc, and 
epinephrine hy'drochloride 7 minims (0 061 cc ) were given as a last resort 

Postmortem Obsetvaitons — The peritoneal surfaces were everywhere gray, 
smooth and glistening There was no free fluid The esophagus showed some 
mucosal congestion, and for about 5 cm above the cardia it was greenish black 
along the longitudinal folds The stomach was markedly dilated It was studded 
with numerous slightly depressed round black areas, varying from 1 to 2 mm in 
diameter About 3 cm below the cardia there were two slightly depressed mucosal 
defects, round in outline, each 4 mm in diameter, with a smooth gray base and 
surrounded by slightly hemorrhagic mucosa In the antrum, immediately above 
the pylorus, there were several mucosal defects as described for the cardia, but 
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shglitlj larger, some of which had a hemorrhagic base The first portion of 
the duodenum was intensely congested There were several black areas, serpiginous 
m outline, varying from 0 5 to 2 5 cm in diameter In addition, there were some 
mucosal defects as desciibed for the stomach The rest of the gastrointestinal 
tract was without significant change 

Microscopic examination of the duodenum showed widespread necrosis of the 
mucosa with destruction of glands and diffuse leukocytic infiltration It showed 
a submucosa markedly widened by deposition of fibrin and edema fluid, hemor- 
rhage and leukocytic infiltration The muscular layers were substantially without 
change except for congestion of the smaller vessels, more intense toward the sub- 
mucosa One larger vein in the muscularis showed an organized mural thrombus 
In the area where the mucosa was completelv necrotic and the submucosa showed 
the aforementioned changes, Brunner’s glands were unmvolved Sections taken 
from the stomach showed severe postmortem changes In addition, there were 
focal areas of hemorrhage in the mucosa with interglandular edema fluid 

Case 3 — S G , a 36 year old man, had been in tne hospital before, having 
been discharged about one month prior to this admission, at which time a diagnosis 
of intramedullary cord disease was made He reentered the neurologic service 
of Dr Israel Straus because of progression of his symptoms, particularly weak- 
ness of the left arm On his previous admission it was determined that he had 
no block, and the spinal fluid show’ed no increase in protein No gross tumor or 
disease of the cord was found on exploratory laminectomy of the cervical region 
An infection of the wound developed About tour weeks after operation his tem- 
perature rose steadily, and meningeal signs were manifest He died with a picture 
of meningitis and hyperpyrexia, having been febrile from the day of operation 
to death 

Poshnoitem ObsovaUons — The peritoneal surfaces were smooth and glistening, 
and the cavity was free from fluid The intestines were moderately distended 
The stomach was slightly congested On the posterior surface of the duodenum, 
about 3 cm from the pyloric ring there was a circular fiery red area, about 1 cm 
in diameter, slightly depressed below the surface The margins of the ulcer were 
firmer than the surrounding tissue About 2 cm below this, on the posterior 
surface of the duodenum, there was another fiery red depressed area, about 3 cm 
m diameter In this case, however, there was no evident marginal induration 
A few centimeters below this, at the level of the papilla of Vater, there was a 
small fiery red area running transversely to the duodenum along the summit of 
one of the mucosal folds There was no area of induration The remainder of 
the gastrointestinal tract showed no significant changes The primal y neurologic 
lesion was found to be a parietal dural endothelioma on the right 

Microscopic examination of the duodenal lesion showed a focal aiea of mucosal 
necrosis with underlying hemorrhage and focal polvmorphonuclear reaction 
Brunner’s glands in this region were partially maintained and only focally 
destroyed The submucosa in this area was markedly edematous, without con- 
gestion Occasional small vessels contained eosinophilic granular masses The 
external layers were unchanged There was no evidence of chronic inflammatory 
reaction 

Case 4 — D de C , a 40 year old Italian laborer, was admitted to tbe surgical 
service of Dr Richard Lewisohn with a history of onset of generalized abdominal 
cramps two weeks pieviously with intermittent vomiting The day after onset 
the pain localized in the right lower quadrant of the abdomen There was low 
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grade fever for a week before admission The patient did not appear acutely 
ill The abdomen was soft There was a mass the size of a sausage in the right 
lower quadrant of the abdomen, slightly tender, and there was slight resistance in 
the light subcostal region anteriorlj The blood pressure was 110 sistolic and 
70 diastolic The white blood cell count was 9,300, with 70 per cent polymorpho- 
nuclears The hemoglobin content was 92 per cent Two days after admission 
laparotomy was performed with the patient under spinal anesthesia, and a retro- 
cecal and retrocolic abscess was opened and drained It contained two fecahths 
Postoperatively the patient was persistently distended m spite of a Levin and a 
rectal tube On the fourth day after operation he eviscerated subcutaneously, and 
the bowel had to be reduced Thereafter he did poorly The pulse rate remained 
almost constantly at 120 or ovei, the temperature gradually mounted to 105 4 F, 
and death occurred three days later, wuth signs of spieading bronchopneumonia 
and diffuse peritonitis 

PosimoHem Obsej-vattous — The abdomen w'as distended No jaundice, 
petechiae or edema was noted The appendical drams entered a w'alled-off abscess 
cavitj, about 7 cm m diameter, containing about 20 cc of fairly thin slightly 
sanguineous yellow fluid The small intestine w’as maikedh distended, its surface 
was slightl}’^ dulled and covered w'lth occasional deposits of fibrin There was a 
small amount of slightly turbid j'ellow fluid in the abdominal caMtj The esophagus 
showed in its lower half large areas of mucosal denudation and areas wdiere the 
mucosa was replaced by longitudinal layers of dull yellow' membranous material 
The cardiac portion of the stomach showed, especially along the lesser curvature, 
irregular areas where the mucosal surface was dulled and granular Near the 
cardioesophageal junction were small zones of mucosal roughening wuth small 
mottled purple-brown polj'poid excrescences, measuring 0 2 to 0 5 cm The 
remainder of the stomach was unchanged The small intestines w'ere markedly 
distended and contained a large quantity of thin browmish fluid The mucosa 
was smooth, pale and glistening The cecum w'as distended The appendix w'as 
inflamed and at the tip there was a perforation leading into the abscess cavitj 
described The large intestines and the rectum were unchanged 

Microscopic examination of the esophageal lesion show'ed edema and enormous 
congestion extending through the entire submucosa into the mucosa, with focal 
hemorrhages in the mucosa The muscularis also show'ed marked vascular con- 
gestion There were focal areas in which the squamous epithelium was replaced 
by a necrotic fibnnopurulent pseudomembrane, beneath which the capillaries con- 
tained hyaline thrombi The cardiac glands w'ere uninvolved 

The histologic observations described in the esophageal and duodenal 
lesions are strikingly similar to those previously described in our study 
of acute postoperative enterocolitis The eaihest lesion appeals to con- 
sist in marked distention of the capillaries and venules, first in the sub- 
mucosa and subsequently m the mucosa Next one finds focal 
hemorrhages m relation to distended vessels, then focal mucosal 
necroses These spread and fuse, and where they are extensive they 
may penetrate the deeper layers of the wall and be accompanied by 
inflammatory cellular reactions Hyaline thrombi are ii regularly 
observed in the smaller vessels Focal spaiing of the gastric glands in 
involved areas of the loiver portion of the esophagus and of Brunner’s 
glands m the duodenum was noted 
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The histologic pictuies of the gastiic erosions and ulceiations 
appeal to be different The earliest changes are observed in the 
mucosa, wheie vasculai congestion and subsequent focal hemoirhage, 
initially moie prominent towaid the base of the glands, near the 
musculaiis mucosae, aie seen Widening of the interglandulai stroma 
IS obsened, and the presence of mucosal edema Focal mucosal necroses 
appear, unaccompanied by any significant cellular reaction More e^vten- 
sive necroses may penetiate the deeper layers of the wall and be accom- 
panied by an inflammatory cellular reaction With the eaily or 
superficial lesions, the submucosa, musculaiis and serosal layer may be 
without recognizable changes The observation that the gastric changes 
begin in the mucosa itself may be attributed to the fact that the most 
peripherally located aiteiial plexus in the stomach lies in the mucosa 
and just within the muscularis mucosa (Dj^rup"°), while in the 
esophagus and m the small and large intestines this plexus is located 
in the submucosa (Patzelt -®) 

COMMENT 

The focal destruction of the mucosa which we previously noted 
in the ulcerative enterocohtides is observed to involve tbe esophagus, 
stomach and duodenum in the cases presented here As m the ulcerative 
enterocohtides, these lesions are here found in association with a wide 
variety of “primary” conditions Among the lattei are acute appendi- 
citis with peritonitis, thoracotomy for pulmonary gangrene and for 
pulmonary abscess, cholecystectomy with pencholecystic abscess, supra- 
pubic prostatectomy, diabetic acidosis, laminectomy with meningitis, and 
other conditions In addition to the “pnmary” conditions which 
occurred in our own senes we should note that identical lesions have 
been observed in the newborn m association with biith trauma, as well 
as in persons suffering fiom burns oi freezing or from intracranial 
operations (see eailier comment on this) 

As indicated, this wide variety of primary conditions have in common 
the factor of shock, whethei this is due to peritonitis, diabetic acidosis, 
hemorrhage, trauma or opeiation The physiologic responses to the 
process of shock regardless of its cause have been discussed in our 
previous paper We may biiefly summarize them as follows The 
vascular response to the diminution in blood volume which characterizes 
shock consists in arteriolar contraction The duration of this reaction 
depends on the duiation of the application of the shocking process and 
on the accumulation of local metabolites, which have the propeity of 
causing vasodilatation The anoxemia resulting from the vasoconstric- 

25 Djpirup, F Ztschr f Anat 64 279, 1922 

26 Patzelt, V, in von Alollendorff, W Handbuch der mikroskopiscben 
Anatomic des Menschen, Berlin, Julius Springer, 1936, vol 3 
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tion and the associated drop of the giadient of pressuie within the 
capillaiies lead to an inciease in the permeability of the capillary endo- 
thelium As a consequence theie is transudation of plasma into the 
tissue stroma, and if the piocess continues cellular components also pass 
thiough the capillaiy walls into the sui rounding tissues This is espe- 
cially tiue of the red blood cells, and we thus obtain the punctifoiin 
hemoirhages alread)’’ noted These are consideied, m the absence of 
any moi'phologic change in the vessel walls, to be the lesult of diapedesis 
The piocess eventually tei inmates in necrosis of the tissue m the field 
of the blood supply of the affected vessels 

In this manner one may easily understand the occurrence of focal 
necioses in such a vide vaiiety of clinical conditions 

SUMMARY 

We have lepoited m detail 4 cases of ulceiative lesions in the 
esophagus, stomach and duodenum which appealed postoperatively or 
subsequent to diabetic acidosis These aie lepresentative of the gioup 
of 47 cases which were reviewed in necropsy expeiience during a period 
of about ten yeais In selecting these cases w^e omitted any m which 
a systemic disease might hai e caused the lesions, i e , diffuse vasculai 
disease, such as malignant scleiosis, chronic glomeiulonephritis, peii- 
arteritis nodosa or sepsis We also omitted cases in wdiich an operative 
pioceduie ha*d been peifoimed on the stomach or m wdnch a chronic 
ulcei of the stomach or duodenum w'as present 

A 1 econstruction of the sequence of histologic ei^ents on the basis of 
oui obseivations indicates that the earliest change consists of marked 
distention in capillaries and venules, which is seen in the mucosa in the 
stomach and in the submucosa m the esophagus and duodenum An 
anatomic explanation foi this is offered Edema fluid accumulates, and 
focal hemoirhages aie fiequently observed These are due to the 
mciease m peimeabihty of the capillaries resulting from the stasis Avhich 
is the consequence of the arteriolar constriction coming on in i espouse 
to shock The furthei progress of the piocess lesults in necrosis of the 
tissues in the foci involved 

CONCLUSION 

From a stud)" of a series of cases of acute ulcerative lesions of the 
esophagus, stomach and duodenum and fiom a lewew" of similar cases 
in the literature, we have concluded that the A^asomotor mechanisms 
Avhich constitute the response to shock produce these lesions 
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The incidence of diseases which produce anatomic changes in striated 
skeletal muscle is relatively low It was with this in mind that a seaich 
was made for a normal cremaster muscle to compaie with a hyper- 
trophied one It was felt that it would be a simple matter to demon- 
strate a normal muscle On the contraiy, it was found necessarj to 
examine many specimens be foie a ciemaster muscle was found which 
had a normal gross and histologic appeal ance 

Three gioups of specimens were examined in an attempt to deter- 
mine the frequency as well as the possible cause of the changes that 
were found The fiist group was picked at random from speimatic 
cords which had been iemo%ed togethei with the conesponding testes 
in the course of surgical lepaii of scrotal hernias The second group 
was chosen fiom speimatic cords removed together with the coi respond- 
ing testes m surgical treatment foi testicular neoplasms The third 
group consisted of speimatic cords obtained at neciopsies 

On each specimen a number of sections were made across the entire 
thickness of the spermatic cord at a distance of at least 2 cm aboie 
the epididymis The sections weie stained with hematoxylin and eosin 
In addition, when the ciemastei muscle could be identified grossly, 
longitudinal sections weie made, mounted, and stained with hematoxylin 
and eosm The sections weie examined microscopically, and an) varia- 
tion fiom normal was noted 

In none of the spermatic cords examined was there hypertrophy A 
total of 80 spermatic cords from different patients were examined In 
no case were both cords of the same patient examined 

In 42 of the 80 spermatic coids it was impossible to demonstiate 
any cremaster muscle even aftei a careful search Of the 38 cords in 
which striated muscle could be shown, the muscle was normal m only 9 
In the remaining 29 specimens the muscle was infiltiated by varying 
numbers of lymphocytes Occasionally polymorphonuclear leukocytes 
could be found scattered between the muscle fibeis In addition, a 
piomment change w’^as the replacement of the muscle with collagenous 

From the Section on Surgical Pathology (Dr McDonald) and the Division of 
Surgery (Dr Mayo) of the Mayo Clinic 
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A, cremaster muscle removed during the i epair of a scrotal hernia , hematoxylin 
and eosm, X 100 There are multiple collections of lymphocjdes with beginning 
fibrosis B, cremaster muscle showing marked fibrosis and many Ij^mphocytes , 
hematoxjlm and eosin, X 220 
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fibious tissue {A in figuie) In some cases this i eplacement was so 
marked that veiy few muscle fibers could be identified {B in figure) 

Thirty-nine speimatic coids made up the fiist gioup examined, which 
were obtained from patients who had inguinal hernia A cremaster 
muscle could be identified in only a thud of these specimens Of these, 
only a single muscle was normal The lemaining 12 muscles showed 
infiltration by lymphocytes oi fibrosis oi both The patients from whom 
the spermatic cords in this group were obtained were older than those 
from whom the other two gioups weie obtained, many of them being 
over 50 years of age 

The second gioup comprised 26 specimens lepiesenting cases in 
which the testis and a portion of the spermatic cord had been removed 
for a testicular neoplasm In half of these specimens it was possible 
to recognize a cremaster muscle Four of these muscles were normal 
on microscopic examination As a whole, the patients from whom this 
group were obtained were somewhat younger than those with inguinal 
hernia, from whom the first group were obtained 

The third group comprised 15 specimens obtained at necropsies 
Striated muscle was present in all except 3 specimens of this group 
Four were normal The ages of the patients ranged from birth to 85 
years 

The average age of the patients from whom the specimens were 
obtained in which no cremaster muscle could be found was approxi- 
mately 53 years The average age of the patients fiom whom the 
specimens were obtained in which cremaster muscle uas identified 
but which showed fibrosis and lymphocytic infiltration was 51 yeais 
The average age of the patients from whom specimens showing normal 
cremaster muscle were obtained was 30 years 

COMMENT 

It appeals that fibiosis of the cremaster muscle has an extensive 
distribution in human males It progi esses with senescence and is 
seen less commonly in early life Probably it is a retrogressive phe- 
nomenon occurring in a relatively useless structure Trauma oi incar- 
ceration of the spermatic cord undoubtedly plays a role, since fibrosis 
or absence of the cremaster muscle was very common in those cords 
that came from patients with inguinal hernia 

Although the cremasteric reflex is absent m 26 pei cent of newborn 
infants (Aronovitch ^), it is present in all but 217 per cent of boys 
between the ages of 1 day and 10 years In boys the lefiex may be so 
active that the testis rises with each inspiration and falls during expira- 

1 Aronovitch, G J Nerv S. Ment Dis 64 235, 1926 
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tion (Jastiowsky -) jMitchell ^ and Puives-Stewart observed that the 
cremasteric reflex is sluggish and sometimes absent m old men Mitchell 
noted further that old hernias and trusses tend to lessen or destroy the 
cremasteric reflex The absence or refiactormess of the cremasteric 
reflex m these old men can be explained entirely by the phenomenon of 
fibrosis and disappearance of the cremaster muscle It is unlikely that 
changes m the i eflex arc play an important role 

SUMMARY 

The cremaster muscle frequently shows collections of lymphocytes 
with fibrous replacement of the muscle fibers This change occurs most 
frequently in old men especially those with inguinal hernia The 
absence or diminution of the cremasteric reflex in old men can be 
explained b} these changes in the ciemaster muscle 

2 Jastrowsky, cited by Mitchell ^ 

3 Mitchell, S W J Nerv &. Ment Dis 4 577, 1879 

4 Purves-Stewart, J The Diagnosis of Nervous Diseases, ed 6, London, 
Edwin Arnold &. Co, 1924 
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Carcinoma of the prostate gland with osteoplastic inetastases to bone 
IS a frequent and \vell known condition Howevei, bone in the stroma 
of a primal y prostatic carcinoma has not previously been recoided 
Noi has it been found in the soft tissue inetastases of carcinoma of the 
prostate except foi the case i eported by Schmorl ^ In this case bonv- 
hard nodules weie found in the lungs, and Schmoil interpreted the 
condition as osteochondiosaicoma developing m the stioina of the skele- 
tal inetastases of the prostatic carcinoma, with secondary sarcomatous 
and mixed deposits in the lungs Heterotopic bone formation is not 
infrequent and occurs in many different organs and structuies How- 
ever, it appears that bone foimation m the prostate gland is extremely 
raie Huggins - in listing the vaiious extraskeletal locations in w'hich 
bone has been found did not include the piostate 

The case of prostatic carcinoma presented in this lepoit is unique 
111 that a nodule of bone measuiing 10 by 14 mm ivas present deep in 
the prostate, intimately associated ivith the tumor cells An additional 
feature of considerable mteiest was that m this nodule were a few foci 
of cartilage and one small area having the stiuctuie typical of the very 
rare gelatinous caicinoma of this organ 

REPORT OF CASE 

Cltmcal History — A white man aged 68 3 eais was admitted to the United 
States Marine Hospital, Portland, Me , Dec 21, 1936, wuth the usual symptoms of 
prostatic carcinoma of about one year’s duration He had no pyuria, hematuria or 
recent loss of weight 

Physical evamination disclosed a moderately enlaiged hard prostate w’lth areas 
of stony hardness m the left side There was considerable reduction in the size of 
the prostatic urethra, a small metal catheter being passed wuth difficulty The 
residual urine measured 8 ounces (236 5 cc ), and excretion of phenolsulfonphthalem 
w'as retarded 


From the Division of Pathology, National Institute of Health 

1 Schmorl Verhandl d deutsch path Gesellsch 12 89, 1908 

2 Huggins, C B Arch Surg 22 377, 1931 
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A suprapubic cystotomy was done December 26, followed bv prostatectomy 
Jan IS, 1937 The large indurated prostate was enucleated with difficult and 
showed two quite hard, apparently calcified areas 

Examination June 15 showed a loss of 8 pounds (3 6 Kg) m weight The 
patient was almost totally incontinent Urinalysis showed a slight trace of albumin 
and few white blood cells There was a very large hard recurrent prostatic tumor, 
and nodular masses extended up both sides of the pelvis, obliterating all landmarks 
Treatment with roentgen rays of high voltage was begun on June 16 and continued 
until November 10 A total of 7,300 roentgens was given Jan 31, 1938, by 
letter, the patient reported his condition as unimproved No further information 
has been obtainable up to the time of writing (December 1938) 

This history was furnished by Di J E Hammond and Dr B Noyes of 
the United States Marine Hospital, Portland, Me 

Microscopic Examination of Piostate — ^In each of two blocks there was a well 
circumscribed nodule showing increase in the number and size of aheoli, lined by 
hyperplastic and focall}' stratified columnar epithelium In some areas there were 
fairly prominent mtra-alveolar papillary projections Marginating these nodules 
and in three other blocks there was moderate to marked invasion of the stroma by 
variably sized tubular acini, alveoli, atypical tubules and solid or multiluminate 
sheets of cells Some of the alveoli showed manj' papillary ingrowths, the fusion 
of which gave a fenestrated appearance The cells were cubic, columnar or 
polygonal and had ample clear or lightly oxjphihc cytoplasm and large round 
hyperchromatic vesicular or leptochromatic nuclei, usually w'lthout distinct nucleoli 
Mitoses were infrequent There was marked tumor invasion of the capsule and 
of the muscular wall of the seminal vesicles Here the acini were generally small 
and numerous and were seen as deep as the base of the mucosal folds Tumor 
cell groups were seen in a few lymphatics, particularly the perineural vessels 
The grossly stony nodule measured 10 by 14 mm and was formed largely of 
masses and ramifying trabeculae of bone, apparently of the membranous tj'pe The 
spaces between the bone lamellae frequently contained large masses of tumor cells 
or a few loosely disposed tumor cells set in a fibrous stroma Occasionally these 
tumor cells w'ere present just within the bone lamellae A laj^er of dense fibrous 
tissue separated the bony nodule, at least m part, from the remainder of the gland 
Tumor acini were present only m the outer maigin of the nodule There was one 
poorly circumscribed, irregularly shaped area, measuring 2 by 3 mm , in which 
tumor cells were arranged in columns or strands separated by bands of fibrillary 
mucin (stained red with mucicarmme and metachromatic with toluidine blue) The 
bands were frequently from two to three times as thick as the cell columns This 
structure graded on one margin into solid tumor tissue , on the opposite side mucin 
was more copious and single cells were isolated The latter margin abutted 
directly on atypical cartilage having large lacunae and much thread}^ metachromatic 
matrix A few cell-containing lacunae surrounded by a moderate amount of matrix 
occurred singly or in small groups in marginating bone The tumor cells in this 
nodule were large and irregular in shape, and had quite hyperchromatic nuclei and 
distinct nucleoli Few multmucleate cells were seen Mitoses v\ere moderately 
numerous, two of which occurred in cells within lacunae 

A second area, measuring 2 by 3 mm , showed larger and moi e numerous 
lacunae surrounded by a thready metachromatic matrix in which a few collagen 
fibrils occurred The collagen fibrils were more numerous m the periphery of the 
nodule and were continuous with the surrounding fibrous tissue 




Fig 1 — A, lamellae of bone separated by sheets of tumor cells Van Gieson’s 
stain , X 80 B, irregularly directed bone lamellae separated by fibrous tissue in 
which occasional to few tumor cells occur Van Gieson’s stain , X 80 C, section 
showing gradation from bone to fibrous tissue Van Gieson’s stain , X 80 
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Fig 2 — Aj solid tumor at right, much intercellular thready mucin at left Note 
the mtergradation Toluidine blue stain, X 130 B, area of atypical cartilage, the 
matrix is thready and metachromatic Toluidine blue stain , X 130 C, area having 
the structure of gelatinous carcinoma (similar to A) The intercellular thready 
mucin IS not stained Van Gieson’s stain, X 130 
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COMMENT 

The mechanism of bone formation m the skeletal metastases from 
caicinoma of the prostate has been the subject of much discussion, and 
numeious theories have been formulated Von Recklinghausen^ m 1891 
gave a classic description of this condition and suggested that local con- 
gestion 1 esultmg from numerous tumor thrombi was the factor initiating 
the bone grow th Courvoisier ^ thought that the osteogenesis resulted 
from the accompanjnng inflammatory reaction Assmann ® believed that 
piimary necrosis of bone was necessary before new bone could be 
formed Quite contrary to these views w'as the suggestion by Axhausen ® 
that the cancer cells hbei ated a chemical factor or stimulus w^hich initiated 
the foimation of bone He did not believe that the cancer cells assumed 
the function of osteoblasts, a belief held by Braun," Kaufmann ® and 
Sasse ° 

Recent studies on this subject have borne out the view' held by 
Axhausen Gutman, Sproul and Gutman showed that there is 
increased phosphatase activity of bone at the site of osteoplastic metas- 
tases secondaiy to carcinoma of the prostate gland They feel that the 
capacity of the tumor cells to stimulate production of bone phosphatase 
determines in part the osteoplastic character of the metastatic lesion 
Huggins showed that in dogs bladder epithelium transplanted to the 
sheath of the rectus abdominis muscle has the property of initiating 
formation of bone and that there is increased phosphatase activity in 
these heterotopic foci of iDone 

Since prostatic epithelium is closely i elated embryologically to bladder 
epithelium, it may be true, as suggested by Huggins,- that prostatic 
epithelium also has “osteogenic” properties This assumption would 
serve as an attractive theoiy in explaining the presence of bone in the 
case presented here The bone was of the membranous type, apparently 
being formed directly fiom dense fibrous tissue, and although a few 

3 von Recklinghausen, F Die fibrose oder defornuerende ostitis, die Osteo- 
malacie und die osteoplastische Carcmose in ihren gegenseitigen Beziehungen, m 
Arbeiten aus dem Kaiser- und Kaisenn- Friedrich- Kinderkrankenhause in Berlin, 
Festschrift, Herrn Rudolph Virchow zum 70 Geburtstage, Stuttgart, Ferdinand 
Enke, 1891, pp 1-89 

4 Courvoisier, W Das Prostatacarcinom, Inaug Dissert , Basel, M Werner- 
Riehrn, 1901 

5 Assmann, H Virchows Arch f path Anat 188 32, 1907 

6 Axhausen, G Virchow's Arch f path Anat 195 358, 1909 

7 Braun, L Wien med Wchnschr 46 481, 527 and 582, 1896 

8 Kaufmann, E Lehrbuch der speciellen pathologischen Anatomic fur 
Studierende und Aertze, Berlin, George Reimer, 1911, pp 759-762 

9 Sasse, F Arch f khn Chir 48 593, 1894 

10 Gutman, E B , Sproul, E E , and Gutman, A B Am J Cancer 28 485 
1936 

11 Huggins, C B Proc Soc Exper Biol & Med 27 349, 1930 

12 Huggins, C B Biochem J 25 728, 1931 
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isolated cancer cells ^^ere seen in the peiipheial margins of some bone 
lamellae, they did not appeal to be assuming the function of osteoblasts 
Bone cells m all lamellae weie of the adult, small type Osteoblasts 
palisaded against bone were not found Since this case shows that 
cells capable of acting as osteoblasts aie piesent m the piostate, the 
question natuially arises Why is bone not found more often in can- 
cerous prostates ? This question cannot at pi esent be answered How- 
evei , Huggins, McCarroll and Bloclcsom found that the corium of the 
urinaiy bladder has an inhibiting influence on the osteogenic property 
of the overl3nng epithelium and that this inhibiting factor is not present 
111 the outer part of the bladder wall Huggins" saw no pioduction of 
bone 111 transplants of piostatic tissue He suggested that the intimately 
associated stroma, which could not be lemoved fioiii the epithelium, 
might have an inhibiting influence similar to that of bladder mucosal 
corium If the piostatic stroma does ha\e an inhibiting influence on 
bone formation, this case demonstrates that it can be overcome under 
some conditions 

The areas in the hard nodule having the structure of gelatinous 
carcinoma are interesting because of the larity of this type of carcinoma 
of the prostate, Boyd reported such a case, and more recently Klis- 
suiow^® made a detailed study of a case m vhich caicinoma of the 
prostate gland of the usual type vas present except m the left lobe 
In this lobe it was of the gelatinous t} pe Considering the embryology 
of the gland and the fact that Pilchei demonstrated the presence of 
variable amounts of mucus m a large percentage of cases of carcinoma of 
the piostate gland, it is surprising that moie cases of frank gelatinoils 
carcinoma are not found 

The lelationship of the area of mucous caicinoma to the adjacent 
cartilage is interesting but difficult to understand For the greater part, 
there was abrupt change from one type of tissue to the other However, 
at one point there appeared to be a tiansition, and the cells within the 
lacunae appeared quite similar to the cancer cells lying between the 
strands of mucus Also, a few of the caitilage cells were seen in mitosis 

SUMMARY 

A case of carcinoma of the prostate gland is presented in which a 
stony-hard nodule ivas present composed mainly of bone but showing 
also foci of cartilage and one area having the structure of gelatinous 
carcinoma The possible significance of the bone formation is discussed 

13 Huggins, C B , McCarroll, H R , and Blocksom, B H , Jr Arch Surg 
32 915, 1936 

14 Boyd, S Tr Path Soc London 33 200, 1882 

15 Klissurow, A A^irchows Arch f path Anat 268 515, 1928 

16 Pilcher, F , Jr Am J Qin Path 8 366, 1938 



DISSEMINATED ENCEPHALOMYELITIS OF THE DOG 


LESTER S KING, MD 

PRINCETON, N J 

In 1930 Perdiau and Pugh,^ m England, called attention to demyelin- 
izing lesions in the central nervous system of the dog suffering from 
what they called “the ‘nervous form of canine distemper ’ ” They found 
that 4 of 14 animals showed this reaction The demyehnation, when 
present, Mas observed chiefly in the cerebellar peduncles oi folia and 
was generally accompanied by heavily cuffed blood vessels 

At the same time, but mdependentl}'^, Posredmk " described similai 
lesions In 9 cases of expei imentall}'^ induced distemper ivith a greatei 
or a less degree of encephalitis, he observed a very slight degree of demy- 
ehnation m 1 instance But in 3 cases of the disease occurring naturally 
the loss of myelin \vas more pronounced, especially m the ceiebellum, 
medulla and pons Subsequent!}^ Marmesco, Draganesco and Stroesco,^ 
as well as Peteis and Yamagiwa,^ gave detailed descriptions of the histo- 
logic changes m cases of distemper and confirmed the observation of loss 
of myelin m many of the lesions 

The literature on distemper is extensive This virus-induced disease 
may attack the nervous system to produce nervous manifestations but 
does so inconstantly Apait from the loss of myelin Mdnch is some- 
times observed, the principal features described by the older mvestigatois 
are those of encephalitis and meningoencephalitis, namely perivascular 
accumulation of lymphocytes , inflammatoiy infiltrations involving the 
parenchyma and the meninges, sometimes veiy intensive, occasional 
penvasculai hemorihage, endothelial proliferation, variable degrees of 
degenerative neuronal damage , changes m the glial apparatus, both pro- 
liferative and legressive The intracellular inclusions, first described 
thirty years ago, have recently been studied and the relevant hteratuie 
reviewed by De Monbreun ° He found the inclusions abundantly present 

From the Department of Animal and Plant Pathology of the Rockefeller 
Institute for Medical Research 

1 Perdrau, J R , and Pugh, L P J Path & Pact 33 79, 1930 

2 Posredmk, F I Ztschr f Infektionskr 38 135, 1930 

3 Marmesco, G , Draganesco, S , and Stroesco, G Ann Inst Pasteur 51 
215, 1933 

4 Peters, G , and Yamagiwa, S Arch f Tierh 70 138, 1935 

5 De Monbreun, W A Am J Path 13 187, 1937 
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in the brain as well as in othei diseased tissues Many authors, how- 
ever, have not been able to find inclusions in their cases, although, among 
recent writers on the neuropatholog}'' of the disease, excellent illustrations 
have been given by Gallego ® and by Maiinesco, Draganesco and Stro- 
esco,^ as well as by De Monbreun ° 

The observations mentioned are those which occur when the animal 
shows clinically involvement of the neivous system But Ceiletti ' 
described a senes of dogs suffering from clinical distemper without 
nervous manifestations in which, nevertheless, inflammatory and toxi- 
degenerative lesions of the neivous s)fstem weie present This observa- 
tion has been confirmed by Roman and Lapp ® 

Although the foreign literature contains numerous studies on dis- 
seminated encephalom3'-ehtis of the dog and its relation to distemper, 
little attention has been paid to the subject m this counti}'^ No observa- 
tions have been made on the problem of demyehnation The following 
report of a case is consequently of some neuropathologic interest 

CLINICAL HISTORY 

The dog reported on here was sent to this laboratory bj Di F A Zucker, of 
Roselle, N J 

The available history is rather sketchy The animal was a pointei bitch, about 
4 years old, first taken ill about three months previoiislj The original symptoms 
are not on record, but the animal was first treated by a veterinarian for tapeworm 
A second veterinarian diagnosed brain fever When seen by Dr Zucker, the 
animal showed spasticity, stiffness of gait, with clonic movements of the forelegs, 
atavia and mental impairment The pupils did not react to light, and there was no 
response to pinprick over the posterior portion of the body There w'as slight 
improvement for a few days, but then the animal became rapidly w'orse and was 
sent to this laboratory for examination 

When seen by me, the animal was m a recumbent position, b'lng on the right 
side, in marked distress There were marked decubitus ulcers on the right shoulder 
and elbow The hindlegs w'ere flexed and completely paralyzed Afoderate 
contractures were present The right foreleg W'as in rigid extension and strongly 
resistant to any passive movement The left foreleg was only model ately spastic 
No tendon reflexes were eh citable The sensory deficit was marked, although no 
sharp level could be detected Pinching and mildly painful stimuli applied to the 
hindlegs and trunk evoked no response Some sensation apparently remained m 
the forelegs and head Pupillary and corneal reflexes w^ere present 

The animal was killed by chloroform anesthesia During the struggle only 
the left foreleg and the head w'ere spontaneously moved During naicosis the 
spastic right foreleg became flaccid The hindlegs showed only moderate relaxation 
due to the contractures 

The general autopsy showed only severe hemorrhagic cystitis The bladder 
was not dilated, but the wall was markedly thickened, and the mucosa show'ed 

6 Gallego, A Ztschr f Infektionskr 34 38, 1928 

7 Cerletti, U Ztschr f d ges Neurol u Psychiat 9 520, 1912 

8 Roman, B , and Lapp, C A'l Bull Buffalo Gen Hosp 3 40, 1925 
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inflammation, hemorrhage and necrosis There were no other features of sig- 
nificance The involvement of the bladder was undoubtedh secondary to the injury 
of the spinal cord 

With regard to the nervous system, in gross the most marked changes were in 
the spinal cord, which in portions was very soft On section cavities were visible 
in some regions around the central canal The brain showed no gross abnormalities 
The brain and cord were fixed in 10 per cent foimaldehyde , pyroxylin, 
paraffin and frozen sections were made of representative regions®" Hematoxyhn- 
eosin, thionine, iron-hematoxv Im, Van Gieson, scailet red, Weil, silver carbonate, 
Bodian ®’^ and Anderson staining methods were used 

MICROSCOPIC OBSERVATIONS 

The changes in the nervous system are pnmaiily inflammatory, 
although vaiying in intensit}'' The diseased aieas are scatteied thiough- 
out the entile neuiaxis, with the greatest intensity in the spinal cord 
The lesions in the cord are not confluent but scattered throughout its 
length Some lesions, howevei, extend ovei several segments 

Spinal Coid — A t3'pical lesion is a fairl}’- well delimited focus occur - 
ling in either the gra} oi the white substance but wuth greater frequency 
in the lattei Figure 1 A illustrates such a lesion The blood vessels 
stand out because of the per ivasculai infiltration by lymphocytes, plasma 
cells and more undififerentiated mononuclear cells Under higher pow er 
the endothelium may, in places, be seen to be proliferated Between 
and around the blood vessels the tissue is rarefied, presenting a lacunar 
appearance, but axis-cylmdei s persist in large numbers Apait from 
the sheaths of blood vessels theie is little or no increase m cellular ity in 
the damaged ai ea Although some progressively altered glial forms may 
be observed, there are no gittei cells in this particular lesion 

There are several variations on this picture each of which presents 
its own significant features Two fields from a single section illustrate 
different pathologic piocesses In figure 1 B theie is shown a v^eiy 
intense cellulai reaction The larger blood v'^essels (outside the field of 
this photomicrograph) are very heavily cuffed, but in the particular 
field shown the infiltration of the tissue by plasma cells is noteworthy 
Gitter cells are present m model ate numbers, as well as other microglial 
forms Occasional poUmoiphonuclear leukocytes are also scattered 
through the tissue The lacunae in the tissue may, to a certain extent, 
be seen in process of formation, but the cellulai infiltration is so heav’^y 
that details of the tissue are obscured This is considered to be an 

8a The Weil staining method is desciibed in McChing, C E Handbook of 
Microscopical Technique, New York, Paul B Hoeber, Inc, 1937, pp 474 
8b Bodian, D Anat Rec 65 89, 1936 

8c Anderson, J How to Stain the Nervous Sjstem, Edinbuigh, E & S 
Livnngstone, 1929, p 80 
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Fig 1 — A, spinal cord, anterior-lateral portion There are moderately intense 
perivascular infiltration and proliferation of vascular endothelium The cribrated 
appearance of the white matter should be noted On the extreme lower right, 
the myelin is essentially normal Hematoxylm-eosm stain, X 61 5 B, spinal 
cord, showing infiltration of the parenchyma with plasma cells and occasional 
polirmorphonuclear leukocytes Hematoxylin-eosm stain, X 431 2 
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acute stage of the process shown in figure 1 A On the other hand, 
elsewhere the etat cnble may be very marked, even moie than m fig- 
ure 1 A, and 3 et the mtei stitial reactions may be entirely negligible 
A quite diftei ent picture is shown in figure 2 A Here there is 
practicall}’- complete softening, involving the anteiioi hoin and adjacent 
white mattei The 1 eactive cells are almost exclusively compound granu- 
lar coipuscles. and these are not numerous Most unusual, howevei, is 
the excellent state of pieseivation of the anterioi horn cells m the midst 
of the tissue debris The nucleai membranes are hyperchromatic, but 
the geneial cellular appeal ance is excellent Theie aie a few neurons 
that show degenei ative changes, but they are exceptional However, m 
othei areas, m othei sections of the cord, a similar type of damage of 
the tissue has desti 03 'ed the neuions as well 

Sections of the spinal coid stained for myelin show expected changes 
Figure 2B, of the cervical region, displa 3 ^s diffeient degrees of dem 3 ^el- 
ination, m accoi dance with the cellular picture The regions of spongy 
vacuolation and laiefaction, with moderate perivascular reaction, show 
considerable diminution in the quantity of myelin but not total loss 
Othei areas show practicall)’’ complete destruction of myelin In the 
center theie is cavitation, due to complete softening Many of the gitter 
cells contain hematoxylm-staining masses of myelin, testifying to the 
acuteness of the process Longitudinal sections of the cord (fig 2 C) 
show an irregular margin as well as the usual headings and swellings 
attendant on myelin disintegration 

An instinctive field is illustiated m figure 2 D, taken from the lateral 
column of a cross section of the thoracic portion of the coid Numeious 
punched-out areas of demyehnation are present in otherwise well pie- 
served tissue Closer examination shows that all of these areas are 
heavil}’’ cuffed blood vessels, where the perivascular accumulation of 
cells has choked out the myelin Some of the mflammator}’ cells contain 
minute droplets of myelin The intervening tissue appears relative!}’ 
normal This type of demyehnation seems to be in a different categoiy 
from that previously illustrated It is moie compaiable to the strictl}’ 
focal demyehnation sometimes seen after hemorrhagic encephalitis ® 
rather than to the diffuse damage of tissue seen in figure 1 and fig- 
ures 2 A, B and C It is very doubtful that this perivascular t}’pe would 
develop into the diffuse forms, m which the tissue as a whole appears 
injured The pathogenic factors m the two forms appear to be distinct 
Sections of the spinal cord stained for fat confiim the observations on 
the sections stained with hematox}’’lin and eosin The amount of neutral 
fat, although in some aieas fairl}’ considerable, is on the whole much 

9 Baker, A B Am J Path 11 185, 1935 Russell, D S J Path &, Bact 
45 357, 1937 Dobbs, R H , and de Saram, G S W ibid 46 437, 1938 




Fig 2 — A, spinal cord There is almost complete softening of part of the 
anterior horn and adjacent white matter The reactive cells are almost exclusively 
compound granular corpuscles The excellent preservation of the ganglion cells 
in the midst of the tissue debris should be noted Hematoxylm-eosin stain , X 85 8 
B, spinal cord, showing partial and complete demj'elination The etat crible is 
readily apparent Weil stain , X 9 4 C, spinal cord, longitudinal section, illustrat- 
ing the sharp margin of the demyelinating process Much hematoxylin-staining 
material is still present in the demyelinized area Weil stain , X 34 S D, trans- 
\erse section of spinal cord, showing perivascular demyelination consequent to 
intense perivascular infiltration There is much phagocytosed myelin in the pen- 
vascular spaces Weil stain, X 72 7 
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less than would be expected, certainly incomparably less than would be 
seen in so-called acute multiple sclerosis of comparable duration The 
gitter cells, as has already been noticed, are not very numerous except 
in certain areas of almost total softening The Herxheimer stain shows 
many cells, both m the perivascular sheaths and free m the tissue, which 
contain a few small globules of neutral fat The heavily crammed com- 
pound granular Corpuscles are present in certain areas, but where the 
infiltration of the tissue is heaviest they are few 

The axis-cylinders are invariably better preserved than the myelin 
Even where the destruction of tissue appeals most complete, axis-cylin- 
ders persist, though distoited and damaged In other areas they are 
presented m considerable numbers All types of degenerative changes, 
such as varicosities, torpedoes, swellings, splittings, fibrillary ball forma- 
tions, loops and the like, are abundantly m evidence 

Repair has taken place to a certain extent, but instead of gliosis 
(i e , proliferation of fibrous astrocytes and their fibers) chiefly the 
connective tissue is involved Figure 3 A illustrates a rather marked 
degree of this process For comparison with the connective tissue reac- 
tion m multiple and diffuse sclerosis, reference may be made to a 
previous paper 

Medulla and Highe) Levels — The pathologic changes diffei from 
those of the preceding desci iption chiefly m degree In general they are 
not so severe as those m the spinal cord 

In the medulla and pons there are scattered lesions involving the cere- 
bellar peduncles, various scattered areas at the periphery and less fre- 
quent areas m the more central portions Figure 3 B illustrates the 
degree of damage m the pons In general there is fairly heavy perivas- 
cular cuffing with plasma cells and lymphocytes Rarefaction of tissue 
and lacunar degeneration are common, but white blood cells are not 
frequent m the parenchyma Numeious compound granular corpuscles 
are present Apart from the discrete lesions the tissue is entirely normal 
In the cerebellum too the process is similar The damaged areas are 
fairly well circumscribed and scattered through the cerebellai white 
matter The perivascular infiltration is often quite dense, and infiltration 
of the tissue by inflammatory cells may be well marked Howevei , it is 
nowhere as severe as in the spinal cord In the cerebellum itself, m 
contrast to the cerebellai peduncles, medulla and cord, there is much 
less of the etat crible The demyehnation is more complete and not 
attended by lacunar degeneration of the tissue Figure 3 C illustrates 
lesions in the cerebellar white matter 

Areas may be seen similar to those m figure 2D,\ e , small “holes” 
in the myelin caused by the heavily cuffed blood vessels The intervening 


10 King, L S Arch Path 23 338, 1937 



158 


ARCHIVES OF PATHOLOGY 



Fig 3 — A, reticulm proliferation in a diseased aiea of the spinal cord Silver 
carbonate impregnation for connective tissue , X 71 6 B, brain stem cut through 
the inferior colliculi and pons, showing demjehnation in the pons Arrows point 
to less obvious areas Weil stain, X36 C, dem 3 ehnation in the cerebellum 
Arrow s point to early foci Weil stain , X 4 25 D, inflammatory focus m the 
caudate nucleus, bordering the ventricle Fou in the cerebral cortex: are ^erJ 
similar Hematox 3 dm-Van Gieson stain , X 30 o 
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Fig 4 — A, cerebral coitex illustrating the loss of ladial and tangential fibcis 
in a cortical area of inflammation Weil stain X 18 4 B, tissue showing 
experimental canine distemper (from a preparation supplied by Dr De Mon- 
breun) The tissue is from the region of the dentate nucleus The similarities 
to the picture described for the dog reported here are discussed in the text The 
arrow' points to a neuron with a piomment intranucleai inclusion Hematox 3 lin- 
eosm stain, X 165 
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myelin may at times appear lighter and less dense than in perfectly 
normal aieas (In the illustration, the partial involvement of the roof 
nuclei, naturally lighter than the white matter, should not cause con- 
fusion ) These “punched-out” aieas usually appeal, as m the spinal 
cold, at the maigin or neai much moie severe damage 

The axis-cylinders ma}'^ show moderate diminution m number and 
are nowhere as well preserved as the}'^ may be m some instances of 
multiple sclerosis But the destructive action on the axis-cylinders is 
not so seveie m the ceiebellum as m the spinal cord The usual degen- 
erative alterations may occasionally be found 

There is considerably more gliosis, generall}'- isomorphous in type, 
in the cerebellar lesions than in the spinal cord Monster astrocytes are 
also present The connective tissue proliferation and the reticuhn nets, 
although piesent, are much less exuberant than in the spinal cord 

Occasionally m the cerebellar cortex there is an out-dropping of 
Purkinje cells, without vascular reaction This change, fairly common 
in many pathologic conditions is never severe 

Lesions such as have been described aie also present in the white 
matter elsewhere m the brain — ^for example, in tbe optic chiasm and 
tracts and m the hippocampal commissure But no damage has been 
detected in the corpus callosum or the centrum ovale, where Marinesco, 
Draganesco and Stroesco ^ described demyehnation 

Scattered in the basal ganglions and cerebral cortex are numerous 
circumscribed lesions The usual inflammatory changes are preseni 
around the blood vessels, and m the parenchyma there is some ghal 
mobilization, as well as invasion in places by mononuclear cells The 
nerve cells are in general excellently preserved, although there may be 
some increase in satelhtosis Figure 3 D, from the ventricular surface 
of the caudate nucleus, is typical of the lesions found both here and in 
the cerebral cortex There is little true destiuction of tissue, as found 
m the spinal cord Appropriate stains, however, show loss of myelin 
Figure A A, from the neocortex, shows loss of radial and tangential 
fibers at the site of inflammation It will be observed that the under- 
lying white matter is entirely normal It is noteworthy that in these foci 
in the cerebral gray matter there is intense proliferation of fibrous 
astrocytes 

Careful search was made for intranuclear inclusions at all levels, but 
none was found 

COMMENT. 

This case is pathologically similar to those described by Perdrau 
and Pugh and by Marinesco, Draganesco and Stroesco ® , in all the 
condition may properly be called “disseminated encephalomyelitis with 
demyehnation ” The relation to distemper is not clear Perdrau and 
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Pugh showed that this foim of encephalomyelitis may occur long after, 
or even in the complete absence of, clinically recognizable distemper 

On the other hand, De Monhieun, studying distemper experimentally, 
pioduced and described lesions in dogs which appear to be similar to the 
demyehnation desciibed by others Dr De Monbreun sent me a prep- 
aration, a field from which is reproduced, with his permission, in fig- 
ure 4B The field is from the region of the dentate nucleus of the 
cerebellum The extensive damage of tissue, with numerous gitter cells, 
the inflammatory leaction around the blood vessels and the invasion of 
the parenchyma by inflammatory cells aie clearly in evidence (The 
neuron designated by the arrows shows a brilliantly acidophilic intra- 
nuclear inclusion, which cannot be well appieciated however in the 
photograph ) Such a lesion stained for myelin would show demy- 
elination 

It is well established that m distemper as well as in other diseases the 
inflammatory changes in the nervous system are not of themselves suffi- 
cient to induce loss of myelin The demyehnation, according to Per- 
drau and Pugh,^ “is not the result of the action of the specific virus 
of distemper on the central nervous system,” but “the virus of dis- 
temper plays m this disease of the dog a similar role to that which an 
acute infection of varying etiology plays in the causation of certain 
demyehnatmg diseases of man ” 

From the work of previously cited authors the conclusion might be 
drawn that demyelmizing lesions may appear m the course of distemper, 
but also as an indirect, temporally removed consequence, as well as 
independently of this disease 

Certain features of the case reported here deserve comment Dif- 
ferent types of myelin loss may be seen First, there is that which is 
attendant on practically complete destruction of tissue with inflammatory 
reaction (figs 1 J5 and 2 A) Second, there is the strictly perivascular 
damage of myelin, appearing around heavily infiltrated blood vessels, 
where the distended perivascular sheaths have encroached on the paren- 
chyma (figure 3 A) Third, there is the more diffuse and often incom- 
plete loss of myelin, sometimes with etat crible In the latter type 
there may be no inflammatory change m the parenchyma or varying 
degrees of change up to a very moderate intensity 

In considering the problem of demyehnation it is necessary to dis- 
tinguish sharply between destruction of tissue as a whole and more 
selective destruction of myelin Various forms of encephalitis caused by 
viruses may produce a generally destructive process, in which all tissue 
elements are severely damaged There is nothing selective about the 
process, and the myelin disappears only as a part of the general tissue 
disintegration In animals this has been described especially in equine 
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encephalomyelitis There aie many instances of myelitis and encephalo- 
myelitis in man m which the observations are similar 

Opposed to the general damage of tissue, m which myelin suffers 
along with othei tissue elements, there may occur m some diseases a 
selective destiuction of mvehn In some instances of multiple scleiosis in 
which there is a shaip boidei of dem)'eli nation, the axis-cylinders within 
the lesion are essentiall}'^ intact Although gitter cells may be present in 
large numbers, there aie geneially no “inflammatory” cells Such a 
picture, common m multiple sclerosis, was piesent to some extent in 
certain areas of the dog desciibed here, especially m the cerebellar lesions 
This selective attack on m)'^ehn is quite different fiom the general destruc- 
tion of tissue found m man) diseases proved to have viruses as their 
etiologic factoi s as well as m many of unknow n cause 

A still different type of demyelination m the dog reported heie is the 
etat ciible, visible in figures 1 A and 2 B This mode of reaction is quite 
different from multiple or diffuse sclerosis but is compaiable to what is 
found in combined system disease The pi oblem of a dietary deficiency 
superimposed on the oiigmal disease piocess in this dog must remain 
open 

There aie certain similarities to many of the leported cases of neuro- 
myelitis optica, namely, marked involvement of the optic tract and of the 
spinal cord, with scatteied lesions elsewdieie Very intense inflammation 
with widespread destruction of tissue is a featuie of many instances of 
Devic’s disease It is only the lattei cases that resemble the one leported 
here 

There has been much discussion in the hteiature legarding the pos- 
sible nosologic unity of the different demyehnizing diseases To me it 
seems clear that the disease desciibed here, together wnth most of the 
disseminated encephalomyehtides w'lth demyelination lecorded m the lit- 
erature, belongs m a totally different categoiy fioni multiple scleiosis 
Neuiomyehtis optica belongs m or very near the foimei group Diffuse 
sclerosis is not a disease entity, but ceitam of its subdivisions may be 
related to the first group, others to the second, still others may stand 
sui generis These view’^s are a mattei of opinion only, as are othei 
views expressed m the hteratuie, and must remain so until further 
etiologic data are available 

SUMMARY 

Disseminated encephalomyelitis with demyelination m a dog, of 
about three months’ duiation, is presented There were intense inflam- 
matory changes, -with very severe involvement of the spinal coid, and 
scattered lesions elsewhere including the optic chiasm and tracts Dif- 
ferent types of demyelination and the accompan}mg pathologic features 
are described 

11 King, LSI Exper Med 68 677, 1938 



PRODUCTION OF XANTHOMA IN RABBITS 

H P RUSCH, MD 
C A BAUMANN, PhD 
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It IS geneially believed that xanthoma is m some way associated 
with a disturbance in lipoid metabolism, but lelatively little experi- 
mental work on the pioduction of xanthoma has been reported In 
rabbits fed cholesteiol ^ lipoid deposits have been found m the sclera, 
the cornea, the ciliary body of the eye, the tympanic membrane and 
tendons Anitschkow - produced typical xanthoma in rabbits by feeding 
cholesterol and at the same time traumatizing certain areas by injections 
of colloidm 01 turpentine Since xanthoma nodules occurred at the 
injured sites, he concluded that two factois were necessary for their 
production — cholesteremia and trauma Schaaf ® produced xanthoma 
m 9 rabbits by feeding hydrous wool fat for periods up to seven hundred 
days All of his animals were traumatized mechanically by a clamp on 
the neck and chemically by intradermal injections of hpoid mixtures 
Furthermore, most of the animals suffered from a derangement of the 
liver due to action of roentgen rays, arsphenamme or para toluene- 
diamine Xanthoma appeared m the traumatized areas, but changes 
occuired also in other parts of the body, and the various complicating 
procedures failed to produce xanthoma in the absence of cholesteremia 

In connection with experiments on ultraviolet rays we have recently 
had occasion to feed cholesterol to rabbits for periods up to thirteen 
months and have observed xanthoma m the absence of tiauma In fact, 
xanthoma was produced whenever cholesterol was consumed for a long 
period, n respective of other complicating factois 

From the Department of Physiology, University of Wisconsin Medical School 

This investigation was supported by the Jonathan Bowman Cancer Research 
Fund and by the Wisconsin Alumni Research Foundation 

1 Verse, M Virchows Arch f path Anat 250 252, 1924 Berbench, J 
Klin Wchnschr 4 2335, 1925 Kusnetzowskj , N Virchows Arch f path 
Anat 263 205, 1927 

2 Anitschkow, N Arch f Dermat u Syph 120 627, 1914 

3 Schaaf, F Arch f Dermat u Syph 175 279, 1937 
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EXPERIMENTAL PROCEDURE 

Fourteen young adult female albino rabbits weighing from 1,680 to 2,500 Gm 
were used Eight of them were given a diet of Purina rabbit chow to which 
0 23 per cent cholesterol and 3 per cent hydrogenated cotton seed oil (Cnsco) 
had been added Six controls were given only the Purina chow The cholesterol 
was dissolved in hot Cnsco, and this was poured over and thoroughly mixed with 
the pellets The diet was consumed readily by the rabbits Dried alfalfa was 
given twice weekly and water administered ad libitum The animals were kept on 
shavings When an animal died or was killed, sections were made of the liver, 
kidney, aorta and any pathologic tissue Chemical analyses were made of the 
blood, liver, aorta and pathologic growths for cholesterol and fat Six of the 
rabbits were irradiated sixty minutes daily with ultraviolet rays After seven 
months Shope papilloma virus was injected into the ear vein or tattooed into the 
skin of the ear of each of 9 rabbits 


RESULTS 

Except 2 of the controls, which died during the second and third 
months, all the animals gamed m weight during the first months of 
the experiment and remained in good health The average daily con- 
sumption of food per rabbit was 83 Gm , equivalent to 190 mg of 
cholesterol This is enough to cause cholesteremia and atherosclerosis 
but not enough to cause fatty liver * After one month the cholesterol 
content of the blood of animals receiving cholesterol ranged from 3 58 
to 12 mg per cubic centimeter of whole blood, with an average of 
6 17 mg per cubic centimeter (table 1) In the control animals the 
average was 1 42 mg per cubic centimeter Analyses made after ten 
and twelve months indicated that the hypercholesteremia was main- 
tained m all animals consuming cholesterol regardless of treatment with 
virus or ultraviolet rays 

There was no detectable diflFerence m weight, food consumption or 
general well-being between the irradiated and the nonirradiated animals 
The ears of the irradiated animals, however, were slightly red Those 
given virus responded as indicated in table 1 The virus warts were 

3a The formula for Purina rabbit chow as furnished by the Ralston Purina 
Company, St Louis, is as follows wheat germ, soy bean oil meal, corn germ 
meal, alfalfa leaf meal, wheat middlings, ground oats, corn meal, blackstrap 
molasses, calcium carbonate and iodized salt All these are mixed thoroughly and 
then pressed into pellets The chemical analysis is protein, 1645 per cent, fat, 
4 06 per cent , fiber, 7 93 per cent , ash, 3 75 per cent , mtrogen-fi ee extract, 52 60 
per cent 

4 Baumann, C A , and Rusch, H P Proc Soc Exper Biol & Med 38 
647, 1938 
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usually confined to the ears, although some were scattered about other 
paits of the body 

Subcutaneous nodules developed m the feet of 7 of the 8 rabbits 
receiving cholesteiol, legaidless of othei treatments Most of the nodules 
were noted after ten months of cholesterol feeding, but in 1 animal 
nodules developed aftei six months The nodules continued to increase 
111 size until the death of the animals They were either single or mul- 
tiple, and some ivere confluent The footpads on all the feet were 


Table 1 — Xanthoma Development in Rabbits 


Choks 
terol in 

Ultra Wliole 

Choles violet Blood, 

Bab terol in Irra Vims Resnonse to Mg per 


bit 

Diet 

diation 

Treatineat 

Vims 

Cc 

Xanthoma 

Comment 

31 

+ 

+ 

^one 


6 83 

Large tumors on 
front and hindleg 
noted at Gth month 

Died in 11 mo 

32 

+ 


Intravenous 

Warts on 
both ears 

525 

Numerous nodules 
on all feet 

Died in 13 mo 

33 


+ 

Intravenous 

Ten warts 

5 30 

Footpads enlarged 

Died in 10 mo 

34 

+ 

+ 

Tattooed 

Large local 
papilloma 

018 

Numerous nodules 
on both feet 

Died m 12 mo 

35 

+ 

+ 

Intradormal 

Tew warts 

358 


Kilied in 9 mo 

3G 


4- 

Intravenous 

Few small 
warts 

5 03 

Nodules on all feet 

Killed for anal 
ysis at 12 mo 

38 


4- 

Intravenous 

W arts on 
ears 

1 46 

None 


39 


4- 

Intravenous 

Warts on 
ears 

1 52 

None 


41 


4- 

None 


1 16 

None 


42 


4- 

None 


1 53 

None 


43 

+ 


Intravenous 

Few warts 

5 20 

Numerous nodules 
on all feet 

Killed for anal 
ysis at 12 mo 

44 

+ 


Tattooed 

Large local 
papilloma 

12 00 

Numerous nodules 
on all feet 

Rilled for anal 
vsis at 13 mo 


involved, becoming swollen, slightly tender and denuded Occasional 
nodules were observed also at the knees and elbows The size of the 
tumors ranged from that of a pea to 6 by 7 by 8 cm The average 
size was about 1 by 2 by 3 cm The largest tumor occurred on the 
left front foreleg of rabbit 31, near the elbow, and completely incapaci- 
tated the affected leg The animal was extiemely emaciated and died 
during the eleventh month 

The tumors were soft, rounded and white or pale yellow In gioss 
appearance they strongly resembled the nodules in patients with xan- 
thoma (fig 1) Most of them were tough and firm on being cut but 
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contained soft areas fiom ^^l^lch a white smooth substance the con- 
sistency of thick pus could be extruded with slight pressure Others 
were less fiim and contained small amounts of milky fluid The nodules 
on the pads of the feet \\ere firmei than those on the top and sides 
Deposits of a yello^Msh white mateiial were firmly incoiporated in and 
around the tendon sheaths 



Fig 2 — Photomicrograph of xanthoma nodule produced experimentally m 
a rabbit 

Histologically, the tumors were composed of masses of large foamy 
cells (fig 2) loaded with lipoidal material They appealed to be identical 
with the xanthoma nodules pi oduced experimentally by Anitschkow and 
by Schaaf, and the foam cells, with the “xanthoma cells” or “cholesterin 
ester phagocytes” known in the human lesions 

Chemical analysis of 12 nodules taken from 3 rabbits indicated that 
fat constituted 16 6 per cent of the fresh weight or 46 4 per cent of the 
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dry weight of the tissue (table 2) The cholesteiol content of the dried 
nodules langed from 2 16 to 82 pei cent, with an average of 4 57 
per cent Appi oxiinatel}'’ one half of the cholesterol v as in the fi ee form 
Othei changes accompanied the appeal ance of the nodules The ani- 
mals began to lose weight, and the haii became scanty on the back, neck, 
abdomen and legs The undeil 3 ung skin was wrinkled and had a 
yellowish cast Some of the animals also lost ban about the eyelids, the 
skin of vhich was baggy and wrinkled Nvimeious small vhite deposits 
were noted on the ins 

The subcutaneous fat of animals killed after twelve oi thirteen 
months differed from noimal fat in that it was more granulai and less 
gieas}'’ There was also maiked atheioscleiosis of the aorta One case 


Table 2 — Fat and Cliolcstci ol Content of Xanthoma Tissue 



Pe centnte 

Percentage 

Percentage 


of i at 

of Fat 

of Cholesterol, 

Eabbit Part Examined 

Fresh Basis 

Drj Basis 

Drj Basis 

32 Pad from front foot 

10 s 

418 

394 

Pad from hind foot 

21 C 

48 4 

5 45 

Nodule hind foot 

35 4 

040 

82 

Axillary Ijmph node 

10 7 

30 0 

56 

43 Popliteal lymph node 

0 5 

16 0 

41 

Pad from front foot 

11 c 

40 5 

20 

Pad from hind foot 

14 0 

50 1 

42 

44 Pnd from front foot 

16 4 

50 8 

511 

Pad from hind foot 

14 8 

47 5 

4 49 

Pad from hind foot 

10 5 

42 5 

5 41 

Pad from hind foot 

28 0 

08 0 

3 72 

Popliteal lymph node 

70 

30 5 

210 

Average 

10 0 

40 4 

4 57 


was noted in which this was so severe that all but one fourth of the 
normal opening was obliterated 

COMMENT 

While our experiments were complicated by the fact that the rabbits 
were irradiated with ultraviolet rays or inoculated with virus in addition 
to being fed cholesterol in their diet, it is nevertheless evident that the 
cholesterol was the essential factor in the formation of xanthoma nodules 
No effect due to ultraviolet rays could be demonstiated except a redness 
of the ears — which were not involved in the xanthomatous changes In 
rabbits 31 to 36 (table 1), which leceived ultraviolet rays, nodules 
developed as large and as numerous as those in rabbits 43 and 44, which 
were not irradiated In rabbits 38 to 42, which were irradiated but 
which received no cholesterol, xanthoma did not develop 

Similar evidence excludes the virus as a cause of xanthoma Virus 
warts were confined largely to the ears , xanthoma nodules, to the feet 
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There was, hoMCvei, some ovei lapping of effects, foi virus warts were 
sometimes found on the legs vhile xanthomatous skin changes were 
sometimes geneial Neveitheless there vas no correlation between the 
response to the a ii us and the de\'elopment of xanthoma Xanthoma 
nodules dcA'^eloped m labbits 34 and 44, which had laige Aurus papillomas, 
exactly as m labbits 33, 36 oi 43, aaIucIi had onty a few transient virus 
Avarts (table 1) Rabbit 31, AAdiich lecen^ed no Aorus, presented large 
xanthoma nodules Rabbits 38 and 39 leceived viius but no cholesterol 
and did not shoAv xanthoma nodules Finally, the combination of the 
injection of viitis and the ultraviolet irradiation failed to produce 
xanthoma 

The relationship hetAAeen cholestei emia and human xanthomatosis 
has been pointed out fiequentiy Of 40 cases lepoited by 16 different 
authois, all but 10 were characterized by a definite increase in blood 
cholesterol ’’’ In a case lepoited by Bums blood fat, as Avell as blood 
cholesterol, AA^as increased ° Arnmg and Lippmann ^ demonstrated an 
increase in neutral fat, lecithin and cholesterol in the case described by 
them HoAveA^ei, many patients Avith diabetes melhtus show hyper- 
cholesteremia but do not have xanthoma nodules This probably means 
that a high level of blood cholesterol must be maintained for a long 
period before groAvths aaiII appeal 

In the rabbit, certainly* a long penod is needed for nodules to 
accompany cholesteremia The level of cholesterol feeding employed by 
us results in hypercholesteremia in tAvo Aveeks and definite atherosclerosis 
Avithm a month, yet xanthoma nodules did not appear for ten months 

Several investigators haA^e considered hepatic insufficiency as the 
cause of xanthoma because the lesions aie sometimes associated with 
jaundice Chauffard and Laroche ® found that in 8 patients with icterus 
there was also an increase in blood cholesterol, but the two conditions 
appeared to be relatively independent Thus the highest cholesterol 
content was found m a patient with merely a subictenc tint Their 
tests for the cholesterol content of skin removed from patients with 
jaundice also were inconclusive The attempt to correlate xanthomatosis 
Avith pancreatic disease has produced no real evidence 

Little IS known regarding the genesis of the disease Harrison and 
Whitfield ® stated that it is a process of infiltration dependent primarily 
on hypercholesteremia and secondaiily on the duration of the blood 
condition, local trauma and the state of the local vascular supply Pol- 
htzer and Wile** claimed that the “xanthoma cells” arise from the 

5 Harrison, G A , and Whitfield, A Brit J Dermat 35 81, 1923 

6 Burns, F S Arch Dermat & Svph 2 415, 1920 

7 Arnmg, E , and Lippmann, A Ztschr f khn Med 89 107, 1920 

8 Chauffard, A , and Laroche, G Semaine med 30 241, 1910 

9 Polhtzer, S , and Wile, U J J Cutan Dis 30 235, 1912 
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adventitial connective tissue cells of the smallest blood vessels of the 
papillaiy and subpapillary layeis As these cells become filled with 
cholesterol and inciease m size and number they act as a stimulus to 
the connective tissue elements, fibroblasts and collagenous bundles, which 
sut round the nests of xanthoma cells and ultimately piedominate over 
the tiue xanthomatous elements Basing his views on experiments with 
atheiosclerosis in rabbits, Anitschkow*® believes that the process attacks 
those parts which aie composed of a dense fiamework of fibeis, wheie 
the lymph circulates very slowl}'- The dense connective tissue, composed 
of various fiber systems vith large surface aiea, acts as a barrier to the 
lymph flow with the lesult that the lipoids are ai rested at these surfaces 
and undergo flocculent precipitation in some unknown manner The 
lipoids are then phagoc 3 'tosed by the lymphoc 3 flic and mononuclear 
wandering cells, whichtbecome the “xanthoma cells ” Simultaneously 
fibious prohf elation occuis in this area Oui work as well as that of 
Anitschkow ** demonstrates that xanthoma nodules occui principally 
in those parts which are composed of a dense fiamework of fibers 
Because of the similaiity heie to the labbit aorta, it appears that the 
production of “xanthoma cells” in othei structures might occur in a 
snnilai mannei 

SUM MARI 

In rabbits receiving 0 23 per cent chole’sterol in their diets for ten 
months xanthoma developed regardless of othei treatments Trauma is 
therefore not an essential pieiequisite for the development of xanthoma 

10 Anitschkow, N , in Cowdry, E V Arteriosclerosis, New York, The 
Macmillan Company, 1933, p 298 

11 Anitschkow, N Charkowsky med j 22 30, 1916 
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One of US (Di Gowen) in the course of his studies obsened a 
spontaneous ocular mutation m one of his mice The animal was the 
1 esult of a cross betAA een two long inbred lines^ lines which up to that 
time had been continued by brothei and sister matings The fact that' 
the animals of each mating were examined carefully both for their 
ow'ii defects and for those of then piogeny makes it probable that this 
appearance of the charactei w^as its first within the colony 

Extracted progeny from this animal showed characteristic changes 
in animals of either sex The stiain has been continued by mating 
defectives All animals from these matings have been defective Animals 
of either sex taken fiom this strain are slow' bieedeis Mice showing 
ocular defects have appeared in the progeny of no other matings, 
although there are twelve othei closely associated strains in which the 
syndrome could appear 

The ocular change shows wide vaiiations m its manifestations 
Animals at 10 days of age may show microphthalmic eyes At the other 
extreme animals may appear normal till 3 months of age, when a central 
opacity may appear in either eye The eyes within the same animal 
may show variation , one eye may be microphthalmic, w'hile the other 
IS normal in size but opaque The eyes of the same animal may differ 
in time of onset of the disease Consequently one may say that the 
character is quite variable in its expression The eyes of several mice 
were examined both giossly and by means of the corneal biomicroscope 
prior to the killing of the animals After enucleation, hematoxylin and 
eosm-stained serial sections of the paraffin-embedded specimens were 
studied microscopically Several photomicrographs w'ere taken of a 
typical section of each eye of one animal for this report 

The skull and extremities presented no manifest abnormalities, and 
the gross examination revealed both eyes to be normally situated The 
right eye appeared to be normal m size, and the lids showed no 
abnoi mality , how'ever, the cornea presented a large central opacity, and 

From the Mayo Clinic (Dr Koch) and the Department of Genetics, Iowa 
State College (Dr Gowen) 
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the normal coineal reflex was lacking The left eye was much smaller 
than normal, and the lids, particularly the margins, were occupied b}- 
approximating carrot-colored verrucous coimfied masses The cornea 
lacked luster and was very difficult to see through the small palpebral 
aperture The left eye could not be examined with the corneal 
biomicroscope 



Fig 1 — A, right eye, X 16 (a) artefactal invagination, (&) retina, (c) lens, 

{d) epithelium of the cornea, (c) anterior chamber and (/) ins The relation- 
ship of the structures of the anterior segment is shown in this horizontal section 
Posteriorly and above, the artefactal invagination of the sclera and choroid have 
resulted in a pushing downward and forward of the retina 

B, right eje, X 32 (a) lens, (ft) epithelium of the cornea, (c) anterior 

capsule of the lens, (rf) ins, (c) retina and (/) ciliary body The rudimentary 
ciliary body, the heavilj pigmented iris and the shallow anterior chamber are seen 
together with the intimate relationship of the lens and cornea 
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Fig 2 — A, right eye, X 123 (a) iris, (6) anterior capsule of the lens, 

(c) epithelium of the cornea, id) island of ins stroma and pigment cells, ie) 
lens, if) anterior pyramidal cataract (proliferated subcapsular epithelial cells), 
ig) anterior capsule of the lens and (/i) endothelium of the cornea Small groups 
of pigmented ms cells are seen between the approximated posterior surface of 
the cornea and anterior surface of the lens The anterior pyramidal cataract is 
seen as a bulging forward of the lens and consists of proliferated subcapsular 
epithelium Below, the anterior surface of the ins meets the substantia propria 
and tends to continue forward and laterally (i e, peripherally) along the sub- 
stance Itself 

B, right eye, X 290 (a) lens, (b) anterior pyramidal cataract (proliferated 

subcapsular epithelial cells), (c) anterior capsule of the lens and id) epithelium 
of cornea The homogeneous substance of the anterior capsule of the lens can be 
traced through the section as it lies in apposition to the thinned corneal substance 
Behind the capsule lies the proliferated subcapsular epithelium The corneal 
epithelium anteriorly is somewhat uneven in thickness There is no evidence of 
infection 
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The light coinea exhibited a laige central opacification, which 
appeared to be connected intimately Avith the antei loi surface of the lens 
The peripher}'- of the opaque region shaded off impel ceptibly to clear, 
normal penpheial corneal tissue, behind which the antei lor surface of 
a deeply pigmented structuie, the iiis, could be seen Peiipherally there 
was a ver}'- shallow anterior chambei, which was filled wuth clear 



Fig 3 — A, left eje, X 17 (a) retina, (/;) sclera and choroid, (c) anterio’" 

surface of the cornea, the apex of which here is directed downward and somewhat 
to the right and (d) ins Distortion has resulted from uneven fixation and 
paraffin impregnation The anterior segment of the eye is seen to the right and 
IS directed downward The close relationship of the anterior structures is apparent 

F, left eye, X 77 (a) retina, (6) ins and pupillar}^ membrane, (c) substantia 

propria of cornea and (d) epithelium of cornea The eye is aphakic, there is no 
anterior chamber , the pupillary membrane is intact , the iris remains an embryonal 
structure and is adherent anteriorly to the cornea posteriorly The ciliarj^ body 
has not developed There is no evidence of infection 
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aqueous fluid The leaf of pigmented tissue bowed forwaid to meet the 
posterioi surface of the cornea at the junction of the lattei with the 
anterior surface of the lens The lens itself was lather opaque, and its 
deeper structui es could not be observed m detail 

Microscopic examination of the serially cut sections revealed no 
evidence of previous mtraoculai infection Typically, the posterior 
segment of the right eye exhibited no abnormality (figs 1 and 2) 
Anteriorly, there \\as an anteiioi pyramidal cataract with compact and 
opaque anterior fibers but without actual reduplication of the capsule 
itself There was lather marked proliferation of the subcapsular epithelial 
cells The capsule itself was thickened and compressed against the 
posterior suiface of a defective coinea The lamina elastica posterior 
and most of the substantia propria in the immediate region of the con- 
tiguous compression were lacking The lamina elastica anterior was 
thinned and at some points had luptuied, and the cornea exhibited rather 
marked epithelial proliferation Occasional islands of ins stroma and 
ins pigment cells were seen between the anterior capsule of the lens 
and the disorganized corneal structure The ciliary body was poorly 
developed, and the partially distorted and heavily pigmented ins 
appeared to persist centrally to remain united m front of the lens This 
was thought to be a persistent pupillary membrane Intact corneal 
endothelium could be traced down posteriorly to be lost within the 
encroaching ins at the point where the normal pupil probably should 
have existed The pigmented ms cells did not spread appreciably on 
the posterior surface of the cornea as the former came in contact with 
the latter structure 

Microscopic examination of the left eye revealed apparently con- 
genital microphthalmos, aphakia, opaque cornea and complete persistent 
pupillary membrane (fig 3) 

COMMENT 

The defect in the right eye appears to have several components 
(1) a defective cornea, (2) a persistent pupillary membrane, (3) a 
poorly developed anterior chamber and ciliary body and (4) an anterior 
pyramidal cataract There is no microscopic evidence of prenatal or 
postnatal intraocular infection Similar defects, careful search of the 
available literature shows, have not been reported in laboratory mice, 
however, it is possible that certain gross defects in albino mice which 
Pearson 1 described briefly might be an exception to this statement 
Bagg and Little’s - mouse variants, irregularly inheritable types, pos- 

1 Pearson, E S Nature, London 114 433, 1924 

2 Bagg, H J, and Little, C C Am J Anat 33 119, 1924 
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sibly induced b)'^ roentgen ray treatment of the mouse germ plasm, are 
othei possible examples of defects showing similarity to ours Rarely, 
profound malfoimations of the eyes are seen in instances of congenital 
cataract in man and, since similai anomalies have been bred pure in 
stiains of rabbits, the defects unquestionably aie inheritable (Frieden- 
wald®) Mann discussed the causes of congenital polar cataracts and 
of corneal developmental opacities m man and recalled the work of 
Collins ® The lack of information concerning the origin of congenital 
ocular defects m mice such as those reported here necessitates a search 
for an explanation by analogy among the known embryonic causes of 
similar defects m other vertebiates, particularly m man 

Supposititiously it appears that the defect m the right eye m this 
instance arose initially from a failure of the pupillary membrane to 
atrophy at the normal time during intrauterine development , i e , the 
abnormality was an involvement, m its first phase, of the postendothehal 
(mesodermal) tissue, which is a structure that is very marked in 
rodents This would account for the subsequent poor development of 
the anterior chamber and of the ciliary body with concomitant continua- 
tion of the approximation of the cornea and the growing lens through 
pressure Thus, each of the two latter structures would have caused in 
one another by means of their enforced contiguity the development of 
cataractous changes and loss of normal corneal structural development, 
with subsequent occurrence of opacities in the lens and in the cornea, 
respectively' 

The defects in the left eye — microphthalmos and aphakia — permit 
only speculation conceinmg their origin There was seen no anterior 
chamber, and the cornea showed little or no development of the sub- 
stantia propria and of the lamina elastica posterior, in addition, there 
was intimate union of the corneal tissue, over its entire posterior surface, 
with the iris stroma The ciliary body, as such, was only rudimentary 
It IS probable that not only was there a failure of normal development 
of the mesodermal tissue in this eye but there was also a failure of the 
corneal ectoderm to react normall)'’ during early intrauterine development 
to produce a lens plate 

It IS difficult to offer an unequivocal explanation for the appearance 
of spontaneous defects such as these on the basis of only a few micro- 
scopic observations in one generation, although grossly the defect 
regularly appears in all mice of successive generations within this strain 
Further evidence will be presented with the progress of different phases 
of the investigation 

3 Fnedenwald, J S The Pathology of the Eye, New York, The Macmillan 
Company, 1929 

4 Mann, I Developmental Abnormalities of the Eye, London, Cambridge 
University Press, 1937 

5 Collins, E T Tr Ophth Soc U Kingdom 18 124, 1898 



MEMBRANE FORMATION AT LIPOID-AQUEOUS 
INTERFACES IN TISSUES 

ir A CORRELATION OF THE MORPHOLOGIC AND CHEMICAL ASPECTS 

GEORGE M HASS, M D * 
boston 

Pievious studies have shown that several liquid soluble unsaturated 
organic compounds which are i datively immiscible with aqueous tissue 
phases undergo gradual conversion into insoluble amorphous materials 
during a period m the subcutaneous tissues of guinea pigs ^ Under 
appropriate conditions this conversion results in the formation of con- 
tinuous membranes at the interface betw^een the residual liquid com- 
pounds and the limiting tissues These membranes resemble some 
naturally formed structures - They offer an opportunity for investigating 
the gradual formation of complex mterfacial films which can be visualized 
microscopically as they develop under biologic circumstances 

The study of these membranes has been conducted with four principal 
objectives in mind The first objective was the distinction of a most 
elementary type of chemical structuie, which was susceptible to the 
biologic mechanisms responsible for the transformation As a solution 
of this part of the problem, data have been obtained which indicate that 
the simplest required chemical structures were long normal carbon chain 
acids or acyl groups with at least two ethylenic linkages in the chain ^ 
A larger number of ethylenic linkages distinctly favored the transforma- 
tion These structural configurations alone were adequate for conversion 
but m the simplest case were not sufficient for the formation of long 
continuous mterfacial membranes The second objective, therefore, was 
the defining of an elementary chemical structure which was adequate not 
only for support of the biologic transformation but for support of 
membrane formation In an approach to this problem, data have been 
obtained which indicate that some chemical alteiations which accompany 
mild oxygenation of long normal chain highly unsaturated acids or acyl 
groups supply the added structural configuration which leads to the 
formation of continuous mterfacial membranes ■ Further efforts to 

From the Department of Pathology, Harvard Medical School 
Past Member Society of Fellows, Harvard Umveisity 

1 Hass, G M Arch Path 26 1196, 1938 
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define the general nature of these alteiations have been made, and the 
results will be leported on subsequent pages 

The preceding data have indicated general lines of piocedtire for 
approaching the thud objective, namely, a deteimmation of the funda- 
mental stiucture of these interfacial membranes, as they are constructed 
m the biologic environment under investigation Data pertaining to this 
aspect of the problem will be presented m this report 

The final step in this investigation follows m natural sequence and 
will encompass all attempts to formulate such chemical and morphologic 
rules of behavior of compounds in this semibiologic system as might be 
applied to natural systems under more nearly physiologic circumstances 

Among several possible approaches to this aspect of the pioblem, the 
following have been made, and the expei imental i esults wull be recorded 
here First, extracts of several mammalian tissues have been prepared 
for purposes of demonstrating whether materials amenable to the trans- 
formation are present m normal tissues Second, two representative 
classes of natuial esters, cholesterol esters and lecithin, which often have 
highly unsatuiated acyl groups, rvere added to the list of compounds 
under investigation Third, experiments w^eie devised to determine 
whether the tiansformation is possible in bodily sites other than the one 
previously investigated Fourth, attention was directed to the possible 
participation of protoplasm in the structure of the membranes 

METHODS 

Experiments designed to compare the transformation of acid-free cod liver oil 
in the subcutaneous tissues of guinea pigs with the behavior of the oil m other tissues 
were done as follows Acid-free cod liver oil (0 2 cc ) was injected directly into 
the spleen, liver, kidney, pancreas and testis Intravascular injections were made 
by way of the ventricles of the heart and the spleen The intraventricular injections 
were always followed by death of the animal within a few hours and consequently 
were unsatisfactory Intrasplemc injections were consistently satisfactory and 
yielded an opportunity to study the transformations of the oil in the spleen, liver 
and lungs, the oil having been transported from the spleen to the liver and lungs 
by the vascular route The experiments were terminated after intervals of two or 
three weeks The tissues were fixed in solution of formaldehyde U S P (10 per 
cent), and representative blocks were embedded in paraffin Hematoxylin and 
eosin, Weigert’s stain for elastic tissue and Ziehl-Neelsen carbolfuchsm stain were 
used routinely on paraffin sections 

Preparations of materials from mammalian tissues for the purpose of demon- 
strating the presence of compounds amenable to the transformations in question 
were made as follows Fresh guinea pig brains and hveis and human brain tissue 
were used These tissues were macerated in separate containers and then extracted 
with alcohol After several days the residue was separated by filtration and 
extracted with peroxide-free ether for forty-eight hours The ethereal extract 
in each instance was concentrated until the solution was highly viscous The 
subcutaneous injections and the preparation of tissue for microscopic study were 
made in the usual manner 
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Blood was obtained from 4 diffeient peisons Immediateli after 25 to 50 cc 
of blood was drawn bv venous puncture, it was placed in acetone After seveial 
hours the acetone was remo\ed bv filtiation, and the residue was extracted for 
at least tw'entj-four boms with ethei The acetone and ether extracts were 
combined and eraciiated to drvness The dried material w^as taken up into a small 
amount of purified petroleum ben7me and injected in solution The injections were 
made subcutaneously, and the tissues w'ere prepared for study bv methods previously 
described 

As cholesterol esters of unsatuiated long chain organic acids which can be 
conveniently purified are solid at 37 5 C, liquid cholesterol esters were prepared 
as follows Fifteen grams of highh unsaturated acids of cod liver oil obtained 
bv methods previous!} described was mixed with 10 Gm of cholesterol (melting 
point 145 to 146 C ) The solution w'as agitated gently in the presence of a slow 
stream of dr} hydrochloric acid at 35 C for ten minutes Free hydrochloric acid 
was e\acuated, and the mixture w'as then heated in an atmosphere of carbon dioxide 
for one hour The products w'ere taken up in ether The ethereal solution was 
washed free of acids with dilute aqueous potassium hydroxide The ether was 
distilled off The products were fractionally crystallized from alcohol over a 
period of several days, a small amount ot w’atcr being added to the alcohol after 
the removal of each crop of ci}stals FinalK, a residue of about 15 Gm of 
liquid esters was obtained This mixed product formed liquid crystals It 
began to solidify at about 30 C and was almost entirely solid at 15 C Cholesterol 
and liquid fatty acids in amounts in accord W'lth approximate calculations were 
obtained by h}drol\sis of a small amount of the material This liquid product 
was injected subcutaneously in doses of 0 2 cc After intervals of two or three 
weeks, the tissues were prepared as usual for studv 

Lecithin w'as purified and administered in the following manner Ten grams 
of “egg lecithin” (Merck) w'as dissolved in alcohol An excess of cadmium 
chloride w-as added to the solution The precipitate w'as thoroughly refluxed in 
ether The ether-insoluble material w'as dissolved in a mixtuie of boiling ethyl 
acetate and alcohol On cooling, the cadmium chloride-lecithin addition compounds 
precipitated The precipitate was removed by centrifuging and subsequently dis- 
solved m chloroform The lecithin w'as set free from the cadmium chloride by 
addition of ammonia in alcohol to the chloroform solution The piecipitate was 
removed by centrifuging After evaporation of the chloroform, the lecithin was 
dissolved in ether and precipitated quantitatively with acetone The lecithin so 
obtained was almost pure white, soft, plastic and highly hygroscopic After the 
lecithin had been dried in high vacuum, saturated solutions of lecithin in high- 
boiling paraffin oil, olive oil and butyl oleate were prepared Two-tenths cubic 
centimeter of each saturated solution w'as injected subcutaneously into guinea 
pigs After intervals of two or thiee weeks the tissues were fixed and stained in 
the routine manner 

The study of the relation of tissue proteins to the lipoidal membranes was 
conducted b} microscopic examination of a considerable amount of material 
available In addition to the stains mentioned pieviously, Mallory’s aniline blue- 
orange G stain for connective tissue, osmic acid stains of fresh tissues and the 
Swank-Davenport modification of the Marchi stain for degenerating myelin 
were used 

The influence of several common oxidizing and reducing agents w'as studied 
111 the follow’ing manner The reducing agents employed in vivo W'ere hydroqumone 
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and p 3 'rogallol Each of these compounds was added (2 to 5 mg per gram) to 
separate samples of acid-tree cod liver oil and to oxygenated methyl esters of 
unsaturated acids derived from cod liver oil The oil and mixed esters, each 
containing a reducing agent in solution, were injected subcutaneously Appropriate 
control experiments were done The animals were killed at the end of two or 
three w'eeks The tissues were treated in the loutinc manner 

The study of the action of oxidative catalj'sts in vivo was made as follows 
Cod liver oil (acid-free), methyl esters of unsaturated acids deiived from cod 
liver oil and oxygenated methyl esters of unsaturated cod liver oil acids w^ere 
emplo 3 'ed Various finel 3 ' pulverized feme salts (ferric chloride, ferric stearate 
and ferric oleate) and ferrous chloride W'ere added to samples of each material, and 
after centrifuging, the oil and esteis containing iron salts in solution and colloidal 
suspension w'ere injected subcutaneously The tissues at the end of ten daj'^s, tw'o 
w'eeks oi three weeks were treated in the routine manner An additional stain, 
the Prussian blue stain for iron, on sections cut from paraffin was used m this 
series of experiments 

In previous studies several comments have been made wnth regard to ferric 
chloride-oxygen treatment of the liquid unsaturated esters in vitro and concerning 
permanganate oxidation of fixed and mounted preparations An extension of 
the study of the action of oxidizing agents in vitro w’as conducted bj direct 
fixation of fresh tissues in 1 per cent aqueous osmium tetroxide (perosmic acid) 
and by employing the Sw'ank-Davenport modification of the Marchi method on 
tissues fixed in solution of formaldehyde Acid-free cod liver oil, oxygenated 
methyl es'ers of unsaturated acids of cod liver oil and linseed oil plus 20 per cent 
unsaturated acids of linseed oil w’ere injected into guinea pigs subcutaneously 
After intervals of two or three weeks, selected blocks of tissue at the sites of 
injection were prepared for study by direct fixation in 1 per cent perosmic acid for 
twenty-four hours, followed by rapid dehydration and paraffin embedding Adjacent 
blocks of tissue were fixed in solution of formaldehyde and prepared according to 
the Swank-Davenport method for staining degenerating m 3 ehn 

As unsaturated methyl esters of cod liver oil acids do not form continuous mem- 
branes in the tissues unless they have been subjected previously to oxygenation, a 
preliminar 3 ’^ investigation of the ox 3 'genated materials w'as conducted, wnth the idea 
of demonstrating the creation of polar groups at points of unsaturation as the result 
of partial oxidation For this purpose, meth 3 d esters of unsaturated acids of cod 
liver oil (SO Gm ) were oxygenated b 3 ' bubbling air through them for seven days 
The products assumed a yellowish tinge and became increasingl 3 ’- viscous, some 
materials either settling to the bottom or adhering to the glass wall of the oxj’^gen- 
ating apparatus All dissolved easily m ether The ethereal solution w'as washed 
with aqueous potassum hydroxide, and after the ether was distilled off, the quantity 
was divided into two equal parts One was treated m the usual wa 3 " with phenyl- 
h 3 fdrazine and acetic acid, chloroform being used as the solvent The other was 
treated with benzoyl chloride, pjnidine being used as the required base and 
chloroform as the solvent There were appropriate controls In each instance, 
after concentration of the reacting mixtures and addition of benzene, a crystalline 
precipitate was obtained The compounds which were regeneiated bv^ hydroh^sis 
of the h 3 'drazones and benzo 3 d deriv^atives were brownish liquids They were 
unstable and became so altered during the manipulations that thej^ were unfit for 
further dependable studj' 

3 Swank, R L , and Davenport, H A Stain Technol 10 87, 1935 



HASS—INTERFACIAL MEMBRANES /A TISSUES 


181 


Recourse, therefore, was made to an application of methods for demonstiatmg 
carbonyl and hjdroxjl groups of compounds in solution to this problem, in which 
I had to deal with insoluble materials in paraffin sections of tissues mounted on 
glass slides Phenylhydrazine phenjlhydiazine hydrochloride and hydroxylamine 
hidrochlorrle were selected as reagents foi the carbonyl group Benzoyl chloride 
and acetic anhydride w'erc chosen as leagents for possible condensation with 
hydrox}! groups Chloroform oi alcohol w'as used as a solyent foi the leagents 
Aftei immeision of thin sections of tissue mounted on glass slides in the solyents, 
the specific reagents and adjunctiye leagents were added The methods were the 
same as those generally in use in work with mateiials m solution and wull not be 
discussed fulh here Ihe preparations were allow'ed to stand at room temperature 
in the dark for periods varying from three to tw'enty-four houis The slides with 
tissues mounted on them were then washed in alcohol and water The tissues 
w’ere subsequentt}' stained bj' Weigert’s resorcinol-fuchsm method The membranes 
were studied microscopically and the mtensitj of election of the resorcmol-fuchsin 
stain graded directlj' by color yision 

Tw'o types of membranes w'ere m\cstigated by these methods, one aiismg by 
transformations of cod liyer oil and the othei by conyersion of oxygenated methyl 
esters of unsaturated acids of cod Iner oil Eleyen expeiiments have been 
completed on sections of tissue mounted in series The results include data 
on the influence on the intensitj' of election of Weigert’s resorcinol-fuchsm stain 
by membranes treated as follow's (1) by a “keto-fixing” reagent, (2) by a 
‘hydroxyl-fixing” reagent, (3) by a “keto-fixing” reagent follovyed by a “hydroxyl- 
fixing” reagent and (4) by solyents and other adjunctiye reagents necessary for 
making the determinations 

EXPERIMENTAL RESULTS 

Cod liver oil (acid-free) aftei direct injection into the spleen, liver, 
pancreas, kidney and testis was partially transformed into the character- 
istic insoluble semisohd materials If the cod liver oil was introduced 
intravascularly by way of the splenic sinuses, the same general tj-pes of 
alterations occurred and tvere noted in the splenic pulp, the liver and 
the lungs In the several sites of localization there were minor differ- 
ences 111 the rate and extent of transformation of the oil The opportuni- 
ties for the persistence of long continuous lipoid-aqueous interfaces m 
the lungs, hvei, kidney and spleen were of course greatly lestncted 
Peifectl}'^ foimed membranes entirely similar to those described pre- 
viously in the subcutaneous tissues were routinely found at extended 
hpoid-aqueous interfaces in the pancreas and testes In no instance 
were the alteied lipoids demonstrable m epithelial or mesenchymal cells 
other than those which are geneiall}’' believed to have phagocytic 
capacities In general, exti acellular transformed pioducts were easily 
demonstrable, and all studies indicated that intracellular conversion also 
occurred m the same way as m the subcutaneous tissues 

The experiments with extiacts of human hi am and whole blood 
as w'ell as those with extracts of guinea pig brain and liver showed that 
in the ether-soluble and acetone-ether-soluble fractions as prepaied there 
were mateiials which underwent alteiations analogous to those under 
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discussion The alteied piodiicts were not abundant and were always 
present in the form of small globules and granules No long continuous 
hpoid-aqueous mtei faces weie seen m the tissues, so that no conclusions 
could be diawn ^\lth lespect to the presence of compounds suitable for 
transformation into membianes at such boundaries The principal pait 
of the insoluble materials which elected Weigert and Ziehl-Neelsen stains 
w'^as m the cytoplasm of macrophages and multinucleated giant cells 

At the sites of injection of liquid cholesterol esters of unsaturated 
acids ot cod liver oil there was a se\eie mflamniator}^ reaction wuth 
extensive neciosis of tissues Clefts in wduch cholesterol crystals w^eie 
embedded w'ere common These clefts w^ere often marginally limited by 
multinucleated giant cells These details indicated that partial hydrolysis 
of the esters had occurred duiing their residence in the tissues There 
w'as a fairly large amount of insoluble material derived either by tians- 
formations of the esters oi their products of hydrolysis This material 
w^as acid fast and took \Veigert’s resorcmol-fuchsin stain It was 
principally in the form of small globules and granules, although occasion 
ally long continuous delicate interfacial membranes were encountered 
These resembled those wduch have been described previously around 
residual deposits of oxygenated methyd esters of unsaturated acids ot 
cod liver oil 

No insoluble material which elected Weigeit’s stain oi exhibited 
acid-fast pioperties by the Ziehl-Neelsen method w’as found at the sites of 
injection of purified egg lecithin 

The protoplasmic components wduch w'eie most frequentl)’’ present 
on the aqueous aspect of the hpoid-aqueous interface were collagen, 
fibrin and cytoplasm The relation of these elements to the membranes 
may be described as follow^s 

Homogeneous or fibrillar collagen was occasionally the only dis- 
tinguishable morphologic element on the aqueous aspect of the interface 
(fig \ A) This was not only preformed collagen but also that which had 
been deposited during the period of membiane formation A line of 
demarcation between the altered lipoids and the limiting collagen could 
not always be distinguished In other words, there w^as a nariow^ 
interfacial region wdieie fusion of liquid or fibrillar collagen and altered 
lipoids seemed to occur In such areas the membranes were sharply 
and deeply stained on their lipoidal aspect This sharp staining, 
illustrated best by Verhoefif’s stain for elastic tissue, giadually became 
less intense as the interface was approached and merged into the counter- 
stain characteristic for the limiting collagen These relations were also 
clearly shown wuth IMallorj^’s aniline blue stain for connective tissue 
Normal collagen w^as stained blue as usual The principal part of the 
membrane was stained yellow^ At points of fusion of the yellow altered 
lipoidal components of the membranes with the underlying blue collagen, 




Fig 1 — A, section showing transformation of oxygenated methyl esters of highly 
nnsaturated acids of cod liyer oil plus a ferric chloride catalyst in subcutaneous 
tissues for two weeks , formaldehyde fixation , Weigert stain for elastic tissue 
The clear space represents the Site of the soluble residual components of the ester 
globule The wayy black structure (about 8 to 10 microns thick) is the membrane 
which has formed at the interface between the ester and the adjacent aqueous 
protoplasm Note the limiting fibrillar collagen at the base of the membrane 
The delicate black fibrils which extend from the region of the interface in the 
plane of the collagenous fibrils may be preformed elastic fibrils, but there are no 
readily applicable methods which may be depended on to distinguish them as 
wholly independent of the interfacial membrane B, section showing alterations of 
oxjfgenated methyl esters of highly unsaturated acids of cod Iner oil in tissues foi 
four weeks formaldehyde fixation, Weigert stain for elastic tissue The clear 
space is the site of residual esters which haye been dissolved b% the treatment 
of the tissues with alcohol and chloroform This photomicrograph illustrates the 
highly' convoluted continuous membrane which has formed at the ester-protoplasmic 
boundary The underlying collagen, which bA the method used stains grar rather 
than black, W'hich is characteristic for the membrane, is closely applied to the base 
of the membrane and is intimately' fused with it, extending into the numerous 
folds so as fre juently to be attenuated to the point of in\isiiiihty 
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Fig 2 — A, section showing the effect of acid-free cod liver oil in the sub- 
cutaneous tissues for two weeks, formaldeh 3 'de fixation, Verhoeff’s stain for 
elastic tissue The clear space above the curved margin represents the site of the 
soluble components of the oil globule The marginal grayish black zone (about 5 or 
6 microns in breadth) is the interfacial membrane This is sharply limited basally 
by a continuous layer of cytoplasm Note the condensation at the line of contact 
between the C3doplasm and the interfacial membrane B, reaction showing effect of 
acid-free cod li\er oil in the tissues for two weeks, formaldehyde fixation, 
Verhoeff’s stain for elastic tissue The clear space is the site of residual soluble 
oil The highly complex margin shown in this photograph was initially the 
curvilinear margin of a spherical globule of oil This illustration shows, as well 
as can be shown within the limits of photographic reproduction, the arborescence 
of limiting protoplasm at the interface Each delicate protoplasmic projection is 
covered b 3 ' a thin la 3 er of the lightly stained interfacial membrane 
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cl n<uiow /one of gicenish coloi.ition was ofkn noted 'I ins ugion, as a 
lulc, icmamed optically homof^encous, and only laiely wcic collagenous 
1 ) 1)1 ils denionstiated as a basal conijjonent of the meinbiancs 1 be (ibiils 
weic ])i inei])ally oiiented as limiting sliiietiius on tin* aqueous asjK'ct 
of the inteiface As sueb they weie often fiimly bound to tbi membranes 
and lemamed adbeient to them wbeie the membianes bad been 
mecbanieally dislocated fiom then site of foimation dbeicfoie, m some 
aieas (be following layeis weie distinguished Inst, the ])eii])beial /one 
composed of alteied Iqxnds, second, a naiiow /one of altcied li])oids 
fused with collagen, thud, a l.iyei of (ibiillai oi liquid collagen, and 
fouitb, a limiting maigin of mesenchymal cells 

'J his aiiangemcnt was also detectable m jieiosmic acid and Swank- 
D.ivenjxnt ])icjuiations Tn these sections thin films of the aitilicially 
mtioduced compounds weic occasionally piesent between delicate 
collagenous fibiils at the boundaiy 'J bese weie visuab/ed m two 
dimensions as delicate layei s of lipoid altei n.itmg with piotem ( fig 3 /^ ) 
d'be pai lici])ation of collagen m the stiuctuie of membianes at the 
inteiface was always gieatly limited It seemed that suiface foices and 
simple lestricted diffusion would account foi most of the micioscojMc 
pictUK, although thcie weie no leasons foi denying the i)iobability of 
foimation of lipopiotem compounds by chemical mtei action 

’'Phe ])iecedmg <iccount of the participation of collagen m the stiuctuie 
of the membianes was m gencial apjilicahle when fihim was conccnti atecl 
on the aqueous aspect of the inteiface 

'Phe mteipietation of the histologic jnctuic when cell maigins foimed 
<i limiting hoiinckiiy at the inteiface was difficult 'Phe maigins of cells, 
especially elongated fihi oblasts and multmucleated giant cells, weie 
usually shaip ,ind well defined (hg 2/1) Jn othei instances the 
cytoplasm Wris appaiently so fused with the alteied hpoidal compounds 
that no cell memhi.mc w<is distinguishable (fig 3/i) 'J his a])paient 
])ei)pheial coalescence of ])iotoplasm with the alteied lipoids at the 
inteiface w.is demonsti<ihle with .ill ty]>es of st.ims used Not mfie- 
quently a line of cleav.ige was piescnt, so th.it the maigmal piotoplasm 
was det.nched fiom the body of the cell <ind lemamed hound to the 
hpoid.il component of the memhi.mc All d.ita f.ivoied the conclusion 
th.it the lines of cleavage weic aitifici.illy pioduccd by ti.iuma mcident.il 
to the ])i c])ai .ition of tissues foi study Neveitheless, theie was no 
hesit.ancy m concluding th.it jici iphci.il cell jirotoplasm was occasion.illy 
so modified by its contact .incl fusion with .iltcicd lipoids that it foimccl, 
fiom the histologic ])omt of view, a h.isal component of the memhi.mc 
The binding of coll.igen, fihim .md cell pioto])lasm to the alteied 
lipoids of which the memhi.ancs weic jumcipally composed lesultcd m 
sevci.al mteiestmg aichitectui.il .an. in gem cuts of hpoid and piotcm 
Ovei poitions of the memhi.mc boundaiy the piotcms foimcd a 






Fig 3 — A, section showing the effect of methyl esters of unsaturated acids of 
cod liver oil in the subcutaneous tissues for two weeks , direct fixation and staining 
with 1 per cent aqueous osmium tetroxide This field shows clear areas from 
which residual esters have been dissolved during preparation of the tissues and 
black areas of residual esters which have become insoluble in the dehydrating 
agents and which have retained their capacitj’- to reduce osmium tetroxide Note 
the thin black films of lipoids which extend between delicate collagenous fibrils 
for variable distances from the three major ester-protoplasmic interfaces shown 
in the photograph B, section showing the effect of oxygenated methyl esters of 
unsaturated acids of cod liver oil in subcutaneous tissues for three weeks, formal- 
dehy'de fixation , Swank-Davenport modification of the Marchi stain The clear 
space at the upper margin represents the site of residual esters which remained 
soluble m the dehydrating agents despite the treatment with the perchlorate- 
perosmic acid solution Adjacent to this clear area is a discontinuous black zone 
of esters which reduced perosmic acid and remained insoluble in the dehydrating 
agents Beneath this interrupted layer there is a pale gray^ interfacial membrane, 
which has largely lost its capacity to reduce perosmic acid This section of 
membrane is representative of certain segments which cannot be clearly demarcated 
from the cytoplasm of adjacent cells (in this instance a multinucleated giant cell) 
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tangential mai ginal component which was either homogeneous or fibrillar 
(fig I A) Over othei poitions of the boundaiy the protein formed a 
tangential component composed of fibiils alternating vith thin films of 
lipoid (fig 3 A) Over still other parts the membranes were often 
convoluted and wavelike on cioss section (fig IB) The lengths and 
amplitude of the waves varied gieatly Where wavelengths weie shoit 
and amplitudes great, the piotems at the boundary so conformed that 
in the extieme case the} weie disposed m a direction tiansverse to the 
general plane of the membrane and tangential to the plane of the f i out of 
the Avaves At times the pi otein so included \\ as attenuated to the point 
of invisibiht} (fig 2 A) Whether it dismtegiated oi became fused 
Avholly in the membiane was a question not solved by the methods 
emplo)ed The arrangement which has been described occurred 
irrespective of the protein implicated 

Hydroqumone or pyiogallol if dissohed m compounds prior to injec- 
tion into the subcutaneous tissues did not alter either the rate or degree 
of transformation of the compounds m amvo Neither did either material 
interfere Avith the mechanisms responsible for the formation of 
membranes 

The presence of feiric or ferious compounds m the materials during 
their residence in the subcutaneous tissues resulted m pronounced 
acceleration of the transfoi mation of the various unsaturated compounds 
m Auvo This Avas independent of the nature of the iron-bearing com- 
pound used In general, tlie extent ot alteiation in tbe presence of iron 
salts at the end of ten days oi tAvo weeks compaied favoiably Avith the 
degree of conversion of control inatenals at the end of three or four 
weeks The morphologic end lesult of the transformation in each 
instance Avas essentially the same 

The distribution of iron as demonstrated by the prussian blue stain 
on paraffin sections w’^as vaiiable The relation of iron to the intracellular 
transformed compounds and to the extracellulai long continuous 
membranes AA^as of inteiest In macrophages and inultinucleated giant 
cells the pattern of distribution of iron deinonsti ated Avith prussian blue 
often coincided AVith that AAdnch had been observed in occasional zones 
of reaction preAuously studied, in Avhich no non had been added to the 
compounds employed In this instance, it Avas assumed that the iron 
Avas deriA'-ed principally fioin disintegiating hemoglobin 

The continuous membranes showed in many aieas a type distribution 
of iron Avhich \A^as sufficiently frequent to a\ arrant comment In tbe 
region of the junction of the lipoidal aspect of the membrane AAith 
the limiting cell margins a ioav of iron granules Avas seen A similai 
planai distribution of iron was occasionally deinonsti ated on the opposite 
margin of the membranes When both distributions of non weie piesent 
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in the same segment of membrane, the alteied hpoid appeared to be 
encased m a more or less continuously distributed sheath of iron In 
addition to these distinct linear arrangements, a delicate diffuse blue 
staining of the membianes was occasionally noted This was so pioini- 
nent in seveial sections of membrane that it was detectable by low power 
microscopic examination Iron otheiwise was distributed at random, 
although in the cytoplasm of phagocytic cells it was often m association 
with ingested hpoidal gianules 

The action on the altered lipoids of aqueous osmium tetroxide 
(1 per cent) oi aqueous osmium teti oxide in solution with formal- 
dehyde, potassium pei chlorate and acetic acid (as required m Swank 
and Davenport’s modification of the Marchi method) may be described 
as follows Although there weie minor differences according to 
the method used, these have not been carefully worked out The 
general results may be consideied as similar for my purposes at this 
time The compounds which were used were of such nature initially 
as to effect a reduction of osmium tetroxide by either method In the 
course of biologic conversion of the compounds they gradually lost their 
initial capacity for reducing perosmic acid This was more satisfactorily 
demonstrated by the Swank-Davenport method By either method a 
part of the residual compounds which lay adjacent to the membranes 
was converted so as to be resistant to the action of the solvents employed 
in preparation of the tissues Thus these preparations showed, first, 
the internal materials which were stained black by the reduction com- 
pounds of perosmic acid and, second, the marginal materials which had 
either partially or completely lost this reducing powei (fig 3 B) These 
sections of membranes, filaments, globules and granules lightly retained 
the fuchsm counterstam 

The methyl esters of unsaturated acids of cod liver oil after seven 
days’ oxj’^genation in vitro contained liquid soluble compounds which 
formed crj^stalhne derivatives with both phenylhydrazine and benzoyl 
chloride The yield of crystalline derivatives was small in each instance 
On hydrolysis of these compounds a viscous dark liquid which was 
unfit for further experimentation was obtained Although these observa- 
tions indicated that keto and hydroxyl groups had been created by 
oxygenation of the unsaturated compounds, the small yields and 
instability of the regenerated products were strong arguments against 
this approach to the problem of chemical groups operating in the biologic 
formation of membranes 

The results of chemical tests which were made on the lipoids in thin 
sections of tissue mounted on slides Avere as follows 

A treatment with phenylhydrazine phenylhydrazine hydrochloride 
or hydroxylamine hydrochloride produced such alterations as to bring 
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about an inhibition of the election by the membranes of the resoicinol- 
fuchsin stain In some instances the inhibition was practically complete 
Unfoitunately, phenylhydiazine and its hydrochloride gave lightly colored 
yellow ish solutions under the experimental conditions The membranes 
acquired a similar color duiing the treatment, and this interfered with 
the interpretation of the intensity of staining by Weigert’s method If 
this yellownsh coloration was a consequence of direct dyeing, the altered 
lipoids were the only components in the tissues which w^ere so stained 
Hydroxylamme hydi ochloride did not give colored solutions in these 
experiments, and the results from its use served as a fairly satisfactory 
check on the interpretation of results wdien sections were treated with 
phenylhydrazme or phenylhydrazme h)'drochloride 

The results of attempts to mterfei e with resorcinol-fuchsm staining of 
altered lipoids by a previous treatment with benzoyl chloride or acetic 
anhydride were not so satisfactory There was constant demonstrable 
inhibition of election of the stain by lipoids subjected to the action of 
these reagents, but it was invariably slight 

The treatment first with a “keto-fixmg” reagent and second with 
a “hydroxyl-fixing” reagent usually but not always diminished the 
inhibition obtained by use of the “keto-fixing” leagent alone 

Many controls were tested simultaneously The only accessory 
reagent or solvent that interfered with the resorcinol-fuchsm reaction 
was sulfuric acid This was used at first m small amounts as a catalyst 
for acetylation but was abandoned in later experiments This intensified 
he resorcinol-fuchsm stoning to such an extent that even some 
collagenous fibrils tenaciously retained the stain This occurred when 
sulfuric acid was added to control solutions as well as when it was used 
as a catalyst in the experiments with acetic anhydride 

COMMENT 

The first three sets of data with which I am concerned here require 
little comment, for they are m accord with prediction based on previous 
studies 

First, all previous studies had been conducted on materials introduced 
into the subcutaneous tissues Data have been presented in this report 
which show that the transformation in question occurs in various other 
sites in the body There were many minor variations in the rate and 
end result of the transformation m the different localities These will 
not be discussed, for they have no immediate bearing on the problem 
Suffice It to say that insoluble products of the conversion were always 
either in the intercellular phase or within the cytoplasm of phagocytic 
cells and never within the cytoplasm of epithelial cells 

The second set of data proves that mammalian tissues contain ether- 
soluble or acetone-ether-soluble materials -which undeigo the transforma- 
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tion These matenals ^\ere found in each tissue under investigation, 
namely, human biain human blood, guinea pig biam and guinea pig 
hvei The products of transfoimation were either granular or globular 
and \\ere not abundant m anj instance They elected the Ziehl-Neelsen 
and the lesorcmol-fuchsm stain, as demonstiated previously with the 
pioducts of tiansformation of unsatuiated compounds from non- 
mammahan souices Fuithei manipulation of tissue extiacts, with 
eventual isolation of the moie highl}'^ unsaturated components, would 
certainly improve the results of this study, and the findings might be 
of considerable mtei est 

The third set of data aids in a fuithei natuiahzation of the biologic 
transformation undei discussion Pi e\ ions investigations have prin- 
cipally been restiicted to esteis of unsaturated long chain organic acids 
wuth monoh 3 'dric alcohols oi glj'ceiol The data presented here again 
demonstrate the impoitance of the ac^d ladical, for cholesterol esters 
yielded products of tiansformation similai to those previously obtained 
by the use ot oxj'^genated meth} 1 estei s of the same gi oup of unsatiirated 
acids There was evidence of partial hydrol}sis of cholesterol esters 
during their residence in the mtei cellular region Theiefore, there was 
no absolute pi oof that cholesteiol esteis as such were transformed, 
although if past experience wuth other esters can be called on for support 
of an opinion, the direct conversion of cholesterol esters independent of 
hydrolysis probably occuried Theie w^as little doubt that some mild 
oxygenation of the unsaturated acyl groups accompanied preparation of 
the esteis, it is not entiiely piopei to state that continuous membranes 
formed at cholesterol ester-tissue interfaces in the absence of preliminaiy 
oxygenation such as was necessai} for membiane formation b}'^ methyl 
esters of the same group of unsaturated acids This may serve as an 
object for further study because of the general similarity of tiansfoima- 
tions of highly unsaturated liquid cholesterol and methyl esters 

The purified egg lecithin intioduced m a variety of solvents juelded 
no insoluble material which w^as stained positively by the Weigeit or the 
Ziehl-Neelsen method The lesult is contrary to prediction Theie is no 
explanation for the negatne result Pei haps moie highly unsatuiated 
natural lecithins, such as those obtainable from Iner or biain, might 
be moie satisfactoiy pioducts foi study 

Micioscopic studies show^ed frequent participation of protoplasm in 
the basal structure of the inembianes at the lipoid-aqueous interface 
The pioteins which w^eie demonstrated as definitely contributing to the 
basal structure of some areas of continuous membranes w'^eie collagen 
and fibrin The implication of proteins seemed to depend principally 
on restricted inteipeimeation of lipoids and pioteins at the interface as 
well as on surface adhesion The mterperineation w^as illustiated by 
the presence of delicate films of hpoid wdiich extended from the inter- 
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facial region to pass between limiting strands of collagen and fibrin 
The adhesion of well defined proteins to the altered lipoids of the 
membranes was everywhere in evidence and usually was independent of 
demonstrable interpermeation This appeared to be of the nature of a 
strong surface attraction, although the chemical binding of altered lipoids 
to limiting proteins at the interface must be considered as a likely 
possibility 

The implication of the marginal protoplasm of mesenchymal cells 
at the interface in the basal structure of membranes presents some 
interesting problems The conclusion that cytoplasm may be fused with 
the altered lipoids arose from two morphologic facts First, in rare 
instances no sharp line of separation between marginal cytoplasm and 
adherent lipoidal membranes could be distinguished Second, lines of 
intracytoplasmic cleavage were occasionally noted uhere membranes in 
the course of mechanical separation from their site of formation had 
been detached In these areas marginal cytoplasm remained intimately 
fused with the detached membranes Thus, m several instances an 
effective marginal cytoplasmic block was produced by some interaction 
between cytoplasm and adjacent altered lipoids This is emphasized not 
only because it is illustrative of the participation of protoplasm in the 
basal structure of portions of membranes but because it may be a useful 
experimental device foi studying controvei sial questions related to 
histogenesis of intercellular materials at cell margins 

Another aspect of the participation of tissue pioteins in the structure 
of membranes w^as a consequence of the tendency of the membranes to 
assume a folded or contour Under these circumstances the tissue 
element involved at the interface accompanied the convolutions As the 
amplitude of the folds was increased and as the distance betw^een tbeir 
crests was decreased by lateral condensation, the protoplasmic component 
— fibrin, collagen or cytoplasm — became attenuated and normally 
oriented to the general plane of membrane boundary With continued 
condensation the delicate protoplasmic invaginations became attenuated 
to the point of invisibility The fate of the proteins so included could 
not be determined As a rule, the prolongations retained a basal 
connection which in some instances was obliterated either by compression 
or by detachment of membranes from their site of formation This 
mechanism gives further insight into the physical possibilities of mter- 
facial behavior under biologic circumstances With large numbers of 
thin films of this general type, the surface forces w'ould be great indeed 
and conducive to high elasticity and tensile strength From this model 
many variations depending on the distribution of the lipoid with respect 
to the protein are of course realizable, and these data ^ give only the 
simplified relations which exist between a continuous hpoidai film and a 
limiting, more or less continuous protein film 
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It has been shown pievioiisty that ineth}^ esteis of unsaturated acids 
of cod liver oil as obtained by high vacuum distillation vere not trans- 
formed into long continuous membranes at lipoid-acpeous interfaces in 
the tissues If the esters were oxygenated at lOom temperature for 
several days, they acquired the propert}^ by which they were amenable 
to transformation into insoluble continuous membranes at the interface 
between residual liquid-soluble compounds and the aqueous limiting 
tissue phase It has been accepted for some time that such treatment 
of highly unsaturated long chain acyl groups results in the addition of 
ox3'^gen at the double bonds with the foimation of pei oxides * These 
peroxides are unstable and are supposed to reariange into hydroxy- 
ketone structuies which have a relation m equilibrium Insoluble 
products which often arise in vitro as a consequence of oxygenation of 
such highl}' unsaturated acyl groups aie assumed to be eithei a conse- 
quence of association which depends on the presence of a hydrox} -ketone 
structure or a consequence of chemical condensation in which a molecular 
union occurs across oxygen bridges 

This oxidative process is inhibited m vitro by the presence of such 
potent antioxygenic agents as hydroquinone and pyrogallol ® Therefore, 
on the assumption that similar oxygenation and condensation were 
responsible for the biologic transformation, an attempt w^as made 
experimentally to inhibit the transformation m vivo by adding hydro- 
quinone or p3TOgallol to unsaturated compounds prior to introduction 
into the tissues The presence of these reagents, contrar3^ to prediction, 
had no influence on the biologic tiansformation Experiments of shorter 
duration might show' retardation, but this does not seem likel3'' m view 
of the data 

The addition of ox3'gen to unsaturated compounds such as those 
under discussion is greatl3' accelerated in vitro b3'' the presence of a trace 
of iron or several other metals m the materials exposed to oxygen ^ As a 
consequence, the rate of uptake of ox3'gen and the formation of insoluble 
materials are increased On the assumption that iron would have a 
similar action in vivo, several iron salts w'ere added to various 
unsaturated materials prior to injection The results indicated clearty 
that, in accord with prediction, the presence of iron w'as effective in 
accelerating the biologic transformation 

The preceding results, together wnth previous proof that preliminary 
ox3'’genation of highty unsaturated methyl esters was lequired before 
the3' W'ere convertible into membianes under biologic circumstances, 
encouraged a further investigation of molecular changes which are 
responsible for some of the morphologic findings The experiments 

4 Coffej, S' J J Chem Soc London 119 1152 and 1408, 1921 

5 Mattill, HA J Biol Chem 90 141, 1931 
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which showed that the unsaturated compounds lost their initial capacity 
to reduce perosinic acid as they became tiansformed into membranes 
gave further impetus to a consideration of the molecular structure of the 
membranes 

Attention was first concentrated, therefore, on demonstrable chemical 
alterations brought about by oxygenation of unsaturated methyl esters 
m vitro, for this treatment was required before these compounds were 
amenable to transfoimation into membranes Two chemical alterations 
were demonstrated by isolation m vitro of crystalline phenylhydrazones 
and benzoyl derivatives From such data one may conclude that 
hydroxyl and keto groups were formed during the period of oxygenation 
This is in keeping with prediction These data afforded a logical basis 
for an investigation of the insoluble products which were formed under 
biologic circumstances 

The presence of such groups in the mature membranes could not 
be proved by any direct means The insolubility of the materials and the 
small amounts available foi study presented major difficulties from the 
chemical point of view The only alternative was to make the determina- 
tions on the materials in thin sections of tissue with the hope, first, that 
the chemical reagent might react at least with surface molecules and, 
second, that an appropriate method for detecting the presence or absence 
of reaction might be devised It was a simple matter to make the tests 
but a more difficult one to devise a method for determining whether 
reaction had occuried On the thesis that the presence or absence of 
reaction might be measured by an interference in the election by 
membranes of some stain, the resorcmol-fuchsin stain was employed 
This indirect method was crude and not wholly adequate However, 
I believe that this is an appropriate piocedure and that within limits 
interpretation of the data is peimissible Better methods, however, must 
be devised before any considerable degree of precision can be obtained 

It is not necessary at this time to discuss the addition of the "specific” 
reagents, as their vagaries are not thoroughly understood This is 
especially true when the compounds undergoing reaction have conjugated 
keto groups or keto-enol arrangements, which are distinct possibilities 
m the structure of the altered compounds in the tissues 

The deductions from the experimental data, subject to the preceding 
argument, are as follows First, reactions between the reagents and 
the altered lipoids in thin sections of tissue do occur Second, the 
reactions with the “keto-fixing” reagents create a state in which there is a 
constant decisive inhibition of tbe capacity of membranes to elect 
Weigert’s resorcmol-fuchsin stain Frorh these data the deduction is 
drawn that the inhibition is a consequence of reaction with keto groups 
m the membranes Third, the reactions with two reagents which 
characteristically condense wuth hydroxyl groups create a state in the 
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membianes by which a slight inhibition of their capacity to elett 
Weigeit’s stain is detectable Fiom these data the inference is drawn 
that reactive hydioxyl groups are present in the membranes Fourth, 
that if successive determinations are made, hist with a “keto-fixing” 
reagent and second with a “hydioxyl-fixmg” leagent, the inhibitory 
effect produced by the "keto-fixing” reagent is reduced lather than 
enhanced No explanation for this result can be given It is contrary 
to prediction, but the leasons for the discrepanc}'^ ma} not be wholly 
referable to technical difficulties These data give no cause for quanti- 
tative deductions, because the mode of action of the i esorcinol-fuchsm 
stain IS unknown and it is possible that further expei imentation with 
other “hydroxyl-fixing” reagents will yield a moie satisfactory inhibition 
A real difficult}'', of couise, lies m the fact that even though a large 
number of reactive hydroxyl groups condense v ith a reagent, the staining 
reaction might not necessaiily be influenced m any way The fact that 
the election by elastic tissue of the lesorcinol-fuchsin stain was not 
interfered with by any reagents except sulfunc acid adds to the com- 
plexity of the interpretations However, it is hoped that these specific 
reagents, which are of great value in organic chemistry, will be of 
further use m histochemistiy and that some of the puzzles which have 
arisen during this investigation of the chemical structuie of these 
membranes will be solved 

SUMMARY 

Previous investigations have shown that seveial liquid soluble unsat- 
urated organic compounds become insoluble duiing a peiiod of residence 
in the subcutaneous tissues of guinea pigs and that the insoluble 
compounds may be oriented to foim continuous membranes at lipoid- 
aqueous piotoplasmic interfaces In the studies reported heie, thi'; 
biologic tiansformation has been investigated m a sufficient number of 
localities to permit the hypothesis that it occuis in general in the intei- 
cellular medium 

The liquid soluble oiganic compounds utilized in previous investiga- 
tions were not obtained directly from mammalian tissues In this report 
It has been proved that compounds amenable to the transformation in 
question are present in ether or acetone-ether extracts of mammalian 
liver, blood and brain A fuither natuiahzation of the piocess was 
achieved by demonstrating that cholesterol esters of highly unsaturated 
acids are susceptible to the transformation and that the insoluble prod- 
ucts are often onented to form continuous membranes at cholesterol 
ester— aqueous protoplasmic interfaces Purified egg lecithin, on the 
other hand, did not yield the slightest trace of insoluble products 

Previous studies have indicated that partial biologic oxidation and 
subsequent polymerization of incompletely oxidized unsaturated com- 
pounds were the principal chemical mechanisms on which the trans- 
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formations depended Additional support of this thesis has been 
obtained by investigations discussed m this paper These studies have 
shown, fiist, that seveial iron-beaiing compounds accelerate the trans- 
formation in VIVO, second, that as the unsaturated compounds undergo 
conversion, they giaduall)’’ lose their initial capacity to reduce perosmic 
acid, thud, that piehminaiy oxygenation of certain highly unsaturated 
methyl esters is necessary befoie these are convertible into long con- 
tinuous membranes and that an accompaniment of this treatment is the 
creation of hydroxyl and keto groups m some oxygenated molecules, 
and fourth, that these groups, especially keto gioups, seem to be created 
in the process of membiane formation in the biologic environment 
Although the membianes aie composed principally of alteied unsat- 
urated compounds, the morphologic observations here reported show 
clearly that protoplasm is at times implicated m the basal structure of 
membranes m the hpoid-aqueous mterfacial zone The participation 
of proteins such as collagen, fibiin and marginal cytoplasm m the 
membiane stiuctuie may be a consequence of purely physical factors, 
but the data do not disprove actual chemical hpopiotein condensation 
Therefore, it is necessary to deal with long normal chain highly 
unsaturated acyl groups which acquire in this semibiologic system 
carboxyl, hydroxyl and keto polar groups on hydrolysis or partial oxida- 
tion, which associate to form insoluble long continuous membianes at 
hpoid-aqueous protoplasmic intei faces and which merge with proto- 
plasmic elements at such intei faces to form lipoprotein structures These 
structures, as they matuie, eventually lose all characteristics by which 
their chemical origins might conveniently be proved 

APPENDIX 

Most compounds used in these investigations belong to a general class of 
organic substances which undergo auto-oxidation and polymerization in vitro 
Milas G has summarized the data of organic chemistry relevant to this subject 
It may be worth while to clarify the plan and principles which underlie the 
present investigation by a brief discussion of the theory of auto-oxidation and 
polymerization of auto-oxidizable compounds 

Oxygen may exist in many states In some states it is highly reactive and in 
other states relatively inert Molecular atmospheric oxygen is a relatively inactive 
form of oxygen and most compounds are indifferent to its presence Other 
compounds, classified in general as auto-oxidizablc compounds, will readily react 
with this form of oxygen In the compounds used in the present experiments the 
ethylemc linkages in the long carbon chains of acids or acyl groups are the 
important reactive centers One molecule of oxygen may add to each of the 
reactive double bonds The oxygenated compound thus becomes a “dative” 
peroxide The oxygen in this compound exists in a highly reactive state and 


6 Milas, N A Chem Rev 10 295, 1932 
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may enter into reactions which Avere not possible prior to its addition to an 
ethylenic linkage A “dative” peroxide may be represented clectionically as 
follows 


R II 

R C C H 


+ O O 


R H 

R C C II 
O 
O 


carbon-carbon os>gen “datix e” iieroxide 
ethjlenic bond 


This compound as a rule exists onl3' in theorj In general it is unstable and 
represents the highest level of ox3'gen “actuation” The reaction just illustrated 
may be reversible or irreversible If re\ersible, the o\gen is released and the 
carbon-carbon ethylenic bond is regenerated, becoming again susceptible to oxygen- 
ation If the reaction is irreversible, the “dative” peroxide ma3 undergo one of 
several changes It ma3'' undergo rearrangement to form a relatively stable less 
reactive peroxide, which may be represented as follows 
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peroxide peroxide 

It may decompose to form an aldehyde and a ketone as follows 
R H R H R H 
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“dative” peroxide peroxide ketone aldelijde 

The aldehyde and ketone are in turn available for further oxidation 
When dealing with ethylenic linkages m a chain of carbon atoms, a possible 
sequence, which is supported by experimental obsei vations, mav be given as follows 
(the h3'pothetic “dative” peroxide is omitted from the formulation) 
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This illustrates the possibility of keto-enol tautomeric rearrangements w'lthiii 
single molecules and the creation of reactive polar groups along lu'drocarbon chains 
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The polj^menzation of long chain higliK' unsatnrated auto-oxidants is a complex 
process and is not well understood There is some evidence, however, which 
md cates tliat “dative” peroxides may pol}'merize with similar peioxides to form 
compounds of high molecular weight The schematic lepresentation of this process 
IS as follows 
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The “dative” peroxide may pohmerize with other auto-oxidant molecules which 
have not added oxj’’gen In this instance a chain reaction may occur in which 
polymerization of the unoxygenated auto-oxidant is the onl}’^ significant event 
Th s may be sho\\n by the following formula 
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In the course of the study of the behavior of complex auto-oxidant molecules 
in the tissues of animals where little free oxygen is supposed to exist, the thesis is 
held that at least some similarities exist between the behavior of these auto- 
oxidants in vitro and in \ivo In general there can be little doubt, in view of the 
evidence, that polymerization of auto-oxidant molecules progresses smoothly in the 
Mtal system under investigation The process is more rapid in the biologic system 
than under uncatalyzed conditions of oxygenation within the biologic temperature 
range in vitro It seems logical to deduce that some biologic mechanisms are 
responsible for catalyzing the process in the tissues and for transporting oxygen 
to the lipoidal substrate 

At first glance, it would seem a hopeless task to inquire into the more minute 
structure of the interesting membranes which form at the lipoid-aqueous proto- 
plasmic interfaces If anj information is to be gained, microhistochemical methods 
are required 

It has been established by previous workers that the black staining of lipoidal 
compounds by perosnnc acid is referable to the presence of double bonds in the 
long carbon chains of the lipoids The black staining is attributed to the impregna- 
tion of the lipoids with black reduction compounds of perosmic acid This histo- 
chemical reaction therefore becomes of use in these studies, for it illustrates that 
lipoidal compounds under the conditions of these experiments may gradually lose an 
initial capacity to reduce perosmic acid This evidence indicates that at least a 
majority of the ethylcnic linkages have disappeared, presumably in part by reaction 
with oxygen 

The proof that oxygen is implicated in satisfying a\ailable ethjlenic linkages 
during the biologic transformation of lipoidal compounds into membranes must 
necessarily rest on a satisfactory demonstration of oxygen which is bound in the 
lipoidal membranes Functional oxj'gen-containing groups, such as peroxide groups, 
carbonyl groups and hvdroxyl groups, represent reactive centers tor study, if 
the formulation given is logicallv followed 
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For investigating the possible presence of available carbonyl groups winch will 
react with carbonyl group organic reagents, the following scheme was devised for 
use on thin sections of tissue 


R — C = 0 + stain — » positi\e shining reaction 

reactive carbonyl group 
in lipoidal membrane 
(aldehyde or ketone) 
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negative or weak staining reaction 


An appropriate stain which was useful as a detector of this reaction proved to 
be Weigert’s resorcinol-fuchsin stain In other words, membranes which normally 
elect the resorcinol-fuchsm stain fail to elect this stain if they have been previously 
treated with reagents which characteristically condense with reactive carbonyl 
groups This IS presumptive evidence that some compounds in the membranes 
possess reactive carbonyl groups and that these groups may be primarily responsible 
in this instance for the positive staining of the membranes by the resorcinol-fuchsin 
method 

A similar scheme was devised for demonstrating reactive hydro\yl groups in 
the lipoidal membranes This may be formulated as follows 
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Thus far, attempts to demonstrate reactive hydroxjd groups in compounds of 
which the membranes are composed have not been very successful This may be 
due to one of sev'eral factors First, reactive hydroxyl groups, if present, may not 
be available in sufficient numbers Second, the reagents may not react with the 
groups which are present Third, an appropriate staining reaction which depends 
on the presence of reactiv’e hydroxyl groups has not been used The third 
possibility is most likelv^ and a further study of this problem is indicated Other 
projects include a search for peroxide and keto-enol groups ITnally, the problem 
of possible actual chemical conjugation of tissue proteins with the altered lipoids 
adds further complications to the study This problem must be attacked primarily 
bj' synthetic methods, controlled bj' histologic observations 
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The fact that occasionally a tumor resembling an adamantinoma 
develops in the human tibia prompted this study of autogenous tooth 
germ elements transplanted into the marrow cavities of tibias of kittens 
We were particularly interested in the immediate histologic changes 
taking place in the transplants ’■ 

Six kittens, each weighing about 1 Kg , were anesthetized with sodium amytal 
An unerupted canine tooth was exposed by excision of a thin plate of jawbone 
and removed The calcified dentin and enamel were discarded The soft tissue 
of the tooth was placed in warm Ringer’s solution The membranes were halved 
longitudinally, one half w'as discarded and the other placed in the upper third of 
the tibial marrow cavity 

The site for reception of the transplant was prepared as follows The periosteum 
on the medial surface of the tibia W'as retracted Several small drill holes were 
made in the cortex, outlining a small rectangle of bone This rectangular shell 
was removed, a small amount of marrow substance was curetted, and the tooth 
membranes were placed in the resulting cavity The periosteum was then sutured 
so that the cortical defect was covered over 

In some of the animals a similar procedure was pursued at a later date with 
the opposite unerupted canine tooth and the opposite tibia In several cases one 
of the legs containing a transplant was amputated after a short interval to permit 
study of the early changes 

Individual transplants were left in situ for three, tw'enty-one, thirty-one, thirty- 
one, fifty-one, one hundred and thirty-one, one hundred and sixty-two, one hundred 
and sixty-six and one bundled and eighty dajs, respectively and then removed 
for examination 

After a three day peiiod, most of the pulp cells were found flat , some 
were tncornuate m general shape and had fine terminal filaments At 
the periphery of the pulp mass there weie thin sheets of nonactive 

From the Laboratorj Duision of the Hospital for Joint Diseases 

1 Wolfert, B , and Sloane, D J Bone & Joint Surg 20 1011, 1938 
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ameloblasts No cMdence of active formation of dentin or of enamel 
was noted (fig 1) 

In another transplant, examined twenty -one days after implantation, 
the active foimation of dentin was the most sti iking feature (fig 2) 
The pulp cells had hypertrophied, were lined up m a regular fashion 
and adjoined the predentin zone Interspersed among the fibrils of the 
pulp matrix vere numerous amorphous calcaieous masses, apparently 



Fig 3 — Photomicrograph of a twenty-one day transplant, X 100 The living 
pulp shows several amorphous calcospherities (arrows) 


similar to the calcospherites found in normal dentin (fig 3) No new 
enamel or islands of ameloblasts were noted 

After thirty-one days, a considerable amount of dentin was present 
A good portion of it was acalcaieous In other parts of the transplant, 
small and large segments of Hertwig’s membrane were encountered 
Differentiation could be seen to have been progressing In still other 



Fig 4 — Photomicrograph of a thirty-one day transplant, revealing activity of 
Hertwig’s membrane in the pulp tissue, X 50 Note the island of ameloblasts 
lying outside the pulp tissue (arrow) and showing no enamel formation 



Fig 5 — Photomicrograph of a thirty-one day transplant, showing a large seg- 
ment of Hertwig’s membrane with early differentiation, X 65 Note the cellular 
proliferation of the pulp near the membrane 


202 



SUTRO-POMERANTZ— TRANSPLANTATION OF TOOTH GERM 203 

portions of the transplant there were islands consisting of aggregate 
masses of epithelial cells, there were nests of ameloblasts (fig 4) 

In another transplant examined aftei thirty -one days, several laige 
islands of epithelium were observed Each presents definite evidence 
of an eaily attempt at formation of both enamel and dentin It is of 
special importance that where the islands of epithelium were not in con- 
tact with pulp there were no signs of enamel formation (figs 4, 5 and 6) 
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had been crowded out by the newly formed bone One preparation 
(fig 8) revealed a large aiea of osteodentin in piocess of foiination 


COMMENT 

This study shows m the fiist place that autogenous tooth germ 
elements transplanted into the tibial manow can legenerate Hertwig’s 



Fig 7 — Photomicrograph of a thirty-one day transplant showing nev\ bone 
formation near active Hertwig’s membrane, X 85 Note the unusually large dark 
staining osteoblasts (arrow) 


sheath survived and proliferated in its new environment Special interest 
is attached to the finding that when the enamel and odontoblast layers 
were in proximity both showed signs of continued activity In places 
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where ameloblasts were absent the transplanted odontoblasts did not show 
continued activity, merely forming irregular sheets of dentin Further- 
more, the pulp cells did not differentiate into odontoblasts when amelo- 
blasts were not piesent nearby On the other hand, where ameloblasts 
were present without adjoining pulp cells oi odontoblasts, they merely 
became transformed into islands of epithelial tissue “ 
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Fig 8 — Photomicrograph of a one hundred and sixtj'-two day transplant show 
mg a large mass of osteodentin , X 45 Note zone of predentin with a layer of 
odontoblasts 


If these obseivations are applicable at all in the interpi etation of the 
so-called adamantinoma of the human tibia, they suggest that this tumor 
may be an ameloblastoma rather than an odontoblastoma (adaman- 
tinoma) If this tumor thus gro^\s out of misplaced tooth germ, the 

2 Legros, C, and Alagitot, E Compt rend Acad d sc 78 357, 1874 
Huggins, C B , McCarroll, H Tt and Dahlberg, A A J Exper Med 60 199 
1934 Glasstone S J Anat 70 260, 1936 
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observed lack of foimation of enamel or of dentin m connection with 
It would be due to the absence of odontoblasts or pulp cells adjacent to 
the anieloblasts ® 

SUMMARY * 

Tooth geiin elements of kittens regeneiate aftei autogenous tians- 
plantation into the tibial mairow ca\ity Which of the various geim 
elements will piohferate and to what extent depend on the degree of 
preservation of the enamel-dentin relationship 


3 Robinson, H B G Arch Path 23 664 and 831, 1937 



SOLID TO CYSTIC DEGENERATION IN AN 
AMELOBLASTOMA 

HAMILTON B G ROBINSON, DDS, MS 

ST LOUIS 
AND 

W R J WALLACE, DDS 

ROCHESTER, N Y 

From histologic studies Kronfeld^ concluded that “the C3'stic 
adamantinoma develops from the solid type by cystic degeneration of 
the stellate reticulum ” Robinson,^ commenting on a histologic study 
of 4 cases, said, “While no single ameloblastoma has yet been tiaced 
fiom solid to cystic form through histologic studies, it seems highly 
probable that such a transition takes place While this evidence 

IS highly suggestive, it cannot be claimed that such a piocess is known to 
take place ” This opinion is confirmed by a review of the literature ® 
This histologic evidence seems to indicate that the ameloblastoma 
begins as a homologue of the developing tooth and follows the general 
structural development seen in the stages of odontogenesis up to the 
point of function (laying down of enamel) From that point on the 
neoplasm follows a degenerative course leading to the formation of a 
multicystic tumor The degeneration appears to occur in the stellate 
1 eticulum-like cells in the center of the follicle This mode of transition 
leaves the ameloblastoid columnar cells as a cystic lining, although these 
cells may be compiessed to a cuboid or squamous form - 

In the pievious histologic study of ameloblastoma - a solid type was 
described as lesembhng basal cell caicmoma, and a photomicrograph of 
it was used as an illustration of early cystic change in the follicles 
After the publication of that report the patient returned with a huge 
tumor of the mandible The case history follows 

A man 49 jears of age, married, said that about one year prior to examination 
he noticed a hard painless nodule, on the buccal surface of the right mandibular 
ridge It grew slowlj until about two months before presentation, when it sud- 

From Washington University School of Dentistr>, St Louis, and the University 
of Rochester, Rochester, N Y 

This work was supported m part by grants from the Carnegie Corporation of 
New York and from the John and Marv Markle Foundation 

1 Kronfeld, R J Am Dent A 17 681, 1930 

2 Robinson, H B G Arch Path 23 664, 1937 

3 Robinson, H B G Arch Path 23 831, 1937 
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denly became swollen and painful Two days later a bloody discharge was noticed 
about the mandibular right second molar tooth This disturbance was repeated 
in about two weeks’ time The mandibular right second molar tooth was extracted 
On examination the growth appeared as a nontender, painless hard nodule A 
biopsy was made, and the growth was reported as ameloblastoma At operation 
the cyst was worked free from the bone, care being taken to preserve the structure 
of the bone The tumor mass was split and delivered in small pieces The area was 
curetted and the inferior dental artery ligated The cavity was cauterized with 
phenol and washed with alcohol 

The gross specimen consisted of several small pieces of tissue of irregular 
shape, with fragments of adhering bone The cut surface was smooth, glistening, 
dense and white, with several smooth red areas, wdnch probably represented cvsts 



Fig 1 — Mass removed at operation The size of the tumor mass with the 
attached bone was 8 by 6 by 6 cm 

Microscopicall}'-, columns of epithelium were found in connectiv'e tissue stroma 
The epithelium was of columnar type, with a delicate basement membrane and 
more irregular epithelial cells between In places the intercolumnar cells sug- 
gested stellate reticulum, and in still other areas small cysts containing a homo- 
geneous pmk-staimng material were found While epithelial pearls were not 
seen, the appearance of some of the cysts suggested a tendencj’^ toward keratiniza- 
tion The epithelium of the neoplasm showed connection with the oral mucous 
membrane ^ 

The patient failed to return for further study and possible partial resection, 
as ordered Five years after the last report he presented a huge swelling of the 
right mandible and submaxillary area Roentgenographically, destruction of the 
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bone was demonstrated in aieas extending from the symphysis to the angle 
The mass was not painful , it was slightly fluctuant and suggested lobulation At 
operation the neoplasm and mandible were exposed through an external incision, 
and the bone was sectioned just beyond the symphysis on the left and posterior 
to the angle on the right ^ The removed mass is seen m figure 1 

Sections were made through the entire tumor mass and the attached mandibular 
bone Figure 2 shows one of these sections Cysts may be seen in it, ranging 
from microscopic size to 4 by 4 5 cm The cysts are lined by epithelial cells of 
cuboid, columnar and squamous type, and the centers of the cysts are occupied 
bv mucoid material in droplets and solid sheets with occasional cholesterol slits 
In some areas the bone has disappeared, while in others evidence of growth pres- 
sure is evidenced by osteoclastic activity on the cyst side and osteoblastic activity 
on the other There are large areas in which solid strands and columns of 



Fig 2 — Photomicrograph of a cross section of the entire mass, showing a 
cystic area and bone, X2S Note the large and small cysts, the areas of bone 
and the solid epithelial strands and mucoid-like material m the cjst cavities 


epithelial cells remain These resemble the areas seen at the previous operation,^ 
with columnar cells externally and moie iiregulai or stellate reticulum-like ccfls 
centrally (fig 3 A) The epithelium lining the cj'sts, although it may be com- 
pressed to squamous form, is still capable of difiPerentiation and proliferation In 
figure 3 F an area from the cvst wall is seen with proliferation of the epithelium 
and differentiation tow'ard the form resembling the dental lamina Early cystic 
change is seen even in this epithelium In the same area, adjacent to this active 
proliferation of epithelium, osteoclastic activity is seen The stroma, not the 
epithelium, is rich in blood vessels 


4 The operation was done bv Forrest Young and W R J Wallace 

5 Robinson, 2 figure 2 A 
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Fig 3 — A, area from figure 2 at higher magnification, showing epithelial 
strands with columnar cells externally and stellate cells centrally Note early cystic 
degeneration B, area from figure 2 at higher magnification, showing the pro- 
liferative power of the cyst lining Note the resemblance of the epithelial strand 
to dental lamina, the intraepithelial cyst formation and the osteoclastic activity at 
bone adjacent to the area of epithelial growth 
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COMMENT 

The solid to cystic change in the ameloblastoma previously denion- 
stiated m series of cases was not corroborated by clinical studies or by 
a microscopic study of these changes in a single case The present case 
would not be of great value as an isolated example, but coupled with the 
laboratory series it can be presented as strongly confirming the previous 
indications It is rathei interesting that the solid phase of this identical 
neoplasm was used as an example of a solid ameloblastoma showing an 
early cystic tendency 

The demonstration that the ameloblastoma may degenerate fiom 
solid to cystic form should be of value to the surgeon If the tumor 
mass can be removed in its solid stage, enucleation and cauterization 
ma}'^ suffice, for it will not yet have extended its follicular growth 
between the bone trabeculae At a later date the cystic transition ma} 
have begun, and the many strands and cysts will be growing by pressure 
into the bone spaces At this stage enucleation is difficult or impossible, 
and resection becomes the operation of choice Ivy and Curtis ^ 
recommended primary resection probably because the surgeon seldom 
sees the ameloblastoma in its early painless and slow-growing stage 
The responsibility falls on the clinician, who must make the diagnosis 
early 

SUMMARY 

A case of multicystic ameloblastoma is presented Five years pre- 
viously a growth of this neoplasm was removed and was a solid tumor 
This change is strong confiimation of previous laboratory demonstia- 
tions that the ameloblastoma changes from a solid to a cystic stage 
through degeneration of the stellate, reticulum-hke cells 

6 Ivy, R H , and Curtis, L Ann Surg 105 125, 1937 



ATTEMPTS TO PROPAGATE FOWL TUMORS PRO- 
DUCED BY BENZPYRENE AND BY VIRUS 


SITES OF IMPLANTATION USED EYE OF CHICKEN AND CHORIO- 
ALLANTOIC MEMBRANE OF CHICK EMBRYO 

SIDNEY ROTHBARD, MD 

AND 

JOHN R HERMAN 

NEW YORK 

A transmissible spontaneous fowl tuinoi was described by Rous ^ 
(1910), and in the following year he showed that it could be trans- 
mitted with either cellular material oi cell-free filtrate * Rous and 
Murphy ® propagated this tumor by introducing a cell-free filtrate onto 
the chorioallantoic membrane of the chick embryo Subsequently sev- 
eral different “filtrable tumors” were described b)'^ other investigators 
Since chicken tumors can be produced readily by application of tar, 
the question anses whether or not the tumors induced by a chemical 
contain a virus 

Murphy and Landstemer ^ were the first to investigate this problem 
They produced spindle cell sarcoma m 2 chickens by injections of coal 
tar One of the tumors was transmitted by cellular material for 11 
generations and proved to be highly invasive These investigators were 
unable at any time to transmit the sarcoma wnth a cell-free filtrate or a 
desiccate Peacock ® induced fowl sarcoma by injections of tar and of 
1,2,5,6-dibenzanthracene-lard mixtures and likewise failed to transmit 
the tumors with cell-free material McIntosh ® produced sarcoma by 
injecting tar, and, contrary to Murph}"^ and Landstemer, and Peacock, 
was able to transmit the tumors Avith filtrates Because McIntosh was 
studying the virus of Rous sarcoma at the same time. Peacock thought 
that this virus might have spread among the birds that were used in 
the study of chemically induced tumors 

From the Department of Pathology, Cornell University Medical College 

This study has been aided by grants from the Anna Fuller Fund, the Jane 
Coffin Childs Memorial Fund, the John and Mary R Markle Foundation and the 
Ophthalmological Foundation, Inc 

1 Rous, P J Exper Med 12 696, 1910 

2 Rous, P J Exper Med 13 397, 1911 

3 Rous, P, and Murph}^ J B J A M A 56 741, 1911 

4 Murph 3 % J B , and Landstemer, K J Exper Med 41 807, 1925 

5 Peacock, P R J Path & Bact 36 141, 1933 

6 McIntosh, J Brit J Exper Path 14 422, 1933 
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McIntosh also desciibed leukemia in the birds that received tar 
From his data it is not possible to determine whether the diseases 
observed m the blood-forming organs were due to leukemia or a leu- 
kemoid reaction, were produced by the agent of sarcoma, occuned 
independently or were a secondary leaction to sarcoma Mellanby 
inoculated chickens with Rous sarcoma and dibenzanthracene-mduced 
tumoi at the same time The filtrate of the latter ga^e rise to a Rous 
sarcoma, whereas the cellulai material pi educed a growth similar to the 
oiiginal chemical tumor with none of the characteristics ot the Rous 
sarcoma This expeiiment indicates that in fowl the filtiable agent 
of Rous sarcoma can pass into a chemically induced tumor which itself 
has no filtrable agent 

In view of the confusion existing in this field, it seemed desirable 
to reinvestigate the problem, and find out, if possible, whether tumors 
induced by a chemical contain a filtrable virus In the experiments 
which will now be described, we attempted to propagate fowl tumors 
induced by benzpyrene m chicken eyes and breasts and on the chorio- 
allantoic membranes of chick embryos Tumors which were highly 
malignant to their hosts were produced in chickens with benzpyrene 
However, they could be passed to only a few of the many birds that were 
inoculated and in this respect differed from the readily transmissible 
viius tumors 

Since attempts to propagate these benzpyrene-induced tumors by 
inoculation into the anterior chambers of chicken eyes and on the 
chorioallantoic membranes of chick embryos were unsuccessful, it was 
necessary to control the experiment by propagating one of our readily 
transmissible sarcomas by the same procedures 

MATERIAL AND METHODS 

Young Rhode Island Red and Barred Plymouth Rock chickens weighing 
about 500 Gm were used in the transmission experiments 

The method used by us for implanting material on the chorioallantois of the 
chick embryo has been described in detail by Burnet ® Fertile eggs from Rhode 
Island Red hens were incubated for ten days at 37 5 C and turned daily They 
were then candled to locate the air sac and the embrjo, which were outlined with 
a wax pencil By the use of an electric rotarj tool wnth a carborundum disk 
attached to the shaft, a triangular area, 1 cm to a side, was cut through the shell 
over the outlined embrjo without penetrating the adherent underlying shell 
membrane The upper half of the egg was cleansed with 70 per cent alcohol, 
and a thin layer of melted paraffin was placed o\er the triangular cut A small 

7 Alellanbj, E J Path & Bact 46 447, 1938 

8 Burnet, F AI The Use of the Developing Egg in Virus Research, 
Medical Research Council, Special Report Series, no 220, London, His Majesty’s 
Stationerj Office, 1936 
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opening 2 to 3 mm in size was made over the air sac with the rotary tool and 
likewise coated with paraffin The triangle of shell w'as lifted off, and the air sac 
punctured with a sharp instrument By creating suction with a rubber tube opening 
into the air sac, the chorioallantois was separated from the shell membrane, w'hich 
W'as then removed under sterile precautions and the inoculum placed over the thorio- 
allantois The triangle was rimmed with peti datum and a covei slip placed over it 
The egg w’as returned to the incubator for a period of ten days Then the upper 
part of the shell was removed, and the chorioallantois collected in Tyrode’s 
solution Part of the membrane w'as placed in Zenker’s fixative, and part w'as 
cut into 1 mm particles for further passage The collected material w'as aKva^s 
cultured prior to further implantation on egg membranes 

The following technic w'as used for the transplantation of tumor particles 
into the anterior chambers of chicken ej'es The e\e w'as first anesthetized with 
2 per cent butyn solution, and the eyelids w'ere separated W'lth a wire speculum 
A 3 mm incision was made at the corneoscleral junction wuth an angle keratome 
The tumor implant w'as grasped with a curved ins forceps and w'as inserted 
through the incision into the anterior chamber The tumor particle w'as observed 
at frequent intervals in order to determine the increase in size 


PRODUCTION OF BCNZPYRENE TUMORS IN CHICKENS 

Six chickens were each given 2 intramuscular injections of 10 and 
5 mg of benzpj'i ene in lard at the same site at an interval of tw enty-eight 
days Ttvo months latei 3 of these chickens had palpable tumois at the 
sites of inoculation A fourth chicken died after three months without 
having had a detectable tumor during life, but at autopsy a tumor 
measuring 3 by 2 by 2 cm was found, which proved to be fibrosarcoma 
Transmission of this growth was not attempted The 2 remaining 
chickens, killed ten months after inoculation, had no tumor 

The chickens with benzpj'rene-mduced tumois that weie studied 
experimentally will be designated as chickens 1, 2 and 3 Biopsy speci- 
mens were removed from these tumor-beai ing chickens, and part of 
each tissue specimen removed was fixed for mici oscopic study Another 
part was set up in tissue cultures, while the lemammg part was diied 
and frozen 

Chicken 1 — A biopsy was made of a tumor measuiing 2 cm in the 
greatest diameter eighty-five days after the fiist injection A section 
of this tumor showed fibrosarcoma (fig 1 A) The chicken died six 
months after the initial injection of benzpyrene At autopsy 2 tumors 
were found One was in the breast and the other in the thigh Each 
measured about 4 cm m the greatest diameter These tumors were 
firm, cut with increased resistance and showed a tendency tow ard nodulai 
formation Soft yellow areas that measured from 2 to 4 mm across 
were noted in the central parts The livei was found to be moderately 
enlarged and contained irregularly scattered discrete graj'-w'hite nodules 
measuring 2 mm in diameter Microscopicall}'’ the portal spaces show ed 



j/r 



Fig 1 — A, low power photomicrograph of the benzpj'rene tumor from chicken 
1 to illustrate the general arrangement of the tumor cells m w'horls , X 39 

B, photomicrograph of the tumor from chicken 2 , X 357 The tumor cells are 
elongated, \ary in size and resemble fibroblasts !Many nuclei show' chromatolj sis 

C, photomicrograph of the tumor from chicken 3 , X 357 The cells are large 
and irregular in size and shape The nuclei are either \esicular or pjknotic Few' 
mitotic figures are seen There is a large multinucleated giant cell in the field 

D, section from the transplanted tumor of chicken 3a, X 357 The tumor cells 
are irregular in shape, size and arrangement, and the nuclei are pjknotic and vary 
in size A. few muscle fibers are seen 
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extensive infiltrations of myeloc 3 ^tes The spleen vas twice the noimal 
size and mottled with many round white areas, sections of which show ed 
masses of myelocytes There were many similar cells m the splenic 
pulp and capillaiies This chicken had myelocytic leukemia associated 
with spindle cell saicoma 

Chicken 2 — A biopsy was perfoimed three months aftei injection 
of benzpyrene on a tumor measuring 3 by 2 by 2 5 cm The section of 
this tumoi leprodticed in figuie IB show^s sarcoma The bird was 
killed nine months after the initial injection A tumor measuring 10 by 
8 by 6 cm w^as found in the right bieast and a smaller tumor m the 
left bieast These tumors w'ere film and cut with increased resistance, 
soft areas of necrosis that measuied 2 to 6 mm acioss weie noted in 
the central paits The lungs contained a few^ small metastatic nodules, 
situated beneath the pleuia, measuiing 5 mm acioss The liver was 
slightly enlarged and contained minute laised grayish nodules, micro- 

Table 1 — Ti ansplantahon Ex potments with Bcnzpyi cnc-Induced Tiimois 
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scopic examination showed these to be infiltiations of small lymphocjtes 
The spleen ivas slightly enlarged but w^as noimal on microscopic 
examination 

Chicken 3 — A small tumor wduch was palpated at the site of injec- 
tion of benzpyrene aftei 2 months became progressively larger and at the 
end of five months measured 4 cm m the gieatest diameter At this 
time a biopsy was made, and a section of the grow^th (sarcoma) is 
reproduced in figure 1 C This bird lived for twm months after biopsy 
At autopsy it w^as emaciated, and m the left bieast there w'^as a large 
neciotic tumor measuring 7 bj'- 6 by 5 cm Theie w^ere small tumor 
nodules in the heart, lungs, liver and kidneys, all of which proved to be 
sarcoma 

Eight 3 ''-six chickens (table 1) received a total of 208 injections 
of fragments of the three benzpyi ene-mduced tumoi s There weie 155 
intramuscular and 9 intravenous injections As the figures indicate 
many chickens received multiple injections Onlj'^ 1 (3 a) of 10 chickens 
receiving tumor fragments from chicken 3 show'^ed a growth This 
tumor, illustrated in figure 1 D, was noted forty-six da 3 ^s after the iiijec- 
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tion and at that time measured 1 5 cm m its greatest diameter A second 
subpassage was made into 13 chickens, and only in 1 (3 b) did small 
tumors develop that were recognizable at autopsy No other passage ol 
these tumors was attempted 

ATTEMPTS TO GROW THE BENZPYRENE-INDUCED TUMOR ON THE 
CHORIOALLANTOIS AND IN THE CHICKEN'S EYE 

Woodruff and Goodpasture® showed that the chorioallantois is a 
favorable site for the study of virus infections Since Rous sarcoma can 
be grown by introducing either a filtrate or cellular material onto the 
egg membrane, an attempt was made to propagate a benzpyrene-induced 
tumor by this method in order to determine whether a virus was asso- 
ciated with it Two of the chickens with benzpyrene-induced tumors 
had died before we commenced work with the egg membranes, and only 
chicken 2 was available for these studies The attempt to giow this 
tumor on the chorioallantoic membrane was unsuccessful 

Fragments of this growth were implanted on 8 egg membranes 11 days old, 
in one of which a nodule developed, measuring 4 by 2 by 2 mm , after ten days’ 
incubation However, histologic examination of this growth proved that it was a 
proliferation of the mesoderm and not a tumor The cells were compact and very 
regular in cytologic detail , they contained few mitotic figures They did not bear 
any resemblance to the cells of the original tumor Nevertheless, small fragments 
of this nodule were placed on 8 more membranes, but no tumor was produced 
Another subpassage was performed, and this also gave negative lesults The 
implantation did not kill any of the developing embryos The nodule grown on 
the egg membrane was inoculated into the breasts of 4 chickens, which remained 
free from tumors after five months 

In all, 144 inoculations on the chorioallantoic membrane w ere 
clone, and none was successful (table 1) 

Transplants from the tumors of chickens 1, 2 and 3 were placed 
in the anterior chambers of chickens’ eyes in 44 instances They did 
not increase in size during a period of four months, and in most 
cases they became smaller 

It was conceivable that the benzpyrene tumors failed to grow because 
the experimental birds weie not inbred In an attempt to adapt the 
sarcoma cells to alien plasma, material from difterent biopsy specimens 
of the benzpyrene-induced tumois was first grown in tissue cultures A 
total of 26 chickens was inoculated with these cultures, none wuth 
success Four series of specimens of the same material were carried 
to three successive passages on the chorioallantois but w’^ere also 
unsuccessful 

9 Woodruff, A M, and Goodpasture, E W Am J Path 7 209, 1931 
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Fig 2 — A, tumor measuring 11 by 9 by 8 mm, produced in ten days on the 
chorioallantois of the chick embryo by implantation of a fragment of sarcoma 
13 , X 1 03 B, higher magnification of the tumor illustrated in A The chorio- 
allantois has been removed, and a discrete growth is seen on the inner aspect 
of the membrane C, photograph to show the of a chicken twenty-seven da 3 's 
after implantation of sarcoma 13 m the anterior chamber The palpebral fissure 
IS wide because of increased intraocular pressure The pupil and ins are obscured 
by gray opaque tumor tissue D, low power photomicrograph showing a layer of 
ectodermal cells of the chorioallantois, X 79 Some of these are degenerated 
Beneath this layer and involving only the mesoderm is a diffuse infiltration of 
tumor cells, which are spindle shaped and loosely connected Few mitotic figures 
are seen £, photomicrograph showing diffuse infiltration of tumor tissue through 
the ciliary body and iris , X 73 Some of the spindle-shaped cells are arranged in 
compact manner and others are loosely bound A considerable number of macro- 
phages which contain pigment are scattered throughout the tissue in the region of 
(he ciliary body 
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The cells grown m the tissue cultures were like fibroblasts, but 
since we are unable to distinguish in vitro normal fibroblasts of 
chickens from malignant fibroblasts, and since inoculation experiments 
were unsuccessful, the chaiacter of these cells remains uncertain Tissue 
cultures prepared from virus-induced tumors, however, invariably 
produced cells that were proved to be sarcoma by reinoculation into 
chickens 

PRODUCTION or VIRUS-INDUCCD TUMOR ON THE CHORIOALLANTOIS 

Because the benzpyrene tumors failed to grow on the choiioallantois, 
it seemed essential to control this phase of the work with a virus tumor 
known to be transmissible Foi this purpose, sarcoma 13 of Stubbs and 
Furth was selected 

This viius produces sarcoma at the site of intramuscular injection 
with or without erythroleukosis and also stimulates endothelial cells of 
the blood-forming organs to neoplastic growth 

This sarcoma was readily grown on the chorioallantois in numerous 
subpassages Particles of tumor that measured 1 mm in the greatest 
diameter were placed on egg membranes, and after ten days’ incubation 
each Avas about ten times as large as it was originally ^ The gross and 
the microscopic appearance of the sarcoma on the chorioallantois are 
illustrated m figure 2 A, B and D The giowth was most distinct on the 
inner aspect of the membrane and appeared as a gray, opaque soft 
nodule, measuring 11 by 9 by 8 mm On the fifth passage it was col- 
lected from the egg and inoculated into the breast of 4 chickens, m 3 of 
which tumors developed In another experiment the gioivth Avas col- 
lected after the fiist subpassage and inoculated into 3 chickens At 
the sites of inoculation in all 3 chickens tumois developed, and, of 9 
chiclcens that Avere given inti amuscular injections of the sarcoma groAvn 
on the egg membranes, 8 had metastases in the In^er and spleen 

These experiments indicate that cells of sarcoma 13 can be readily 
conveyed on the chorioallantois and that the growth retains its virulence 
for at least five generations Moreover, the groAvth on egg membranes 
appeared as good in the eighth generation as in the first and the fifth 

PRODUCTION or TUMORS AAHTH CELL TREE MRUS OF SARCOMA 13 

Attempts Avere made m four experiments to produce tumor on the 
chorioallantoic membrane by means of cell-free virus T\Am of these 
attempts Avere successful (table 2) 

In experiment A, the tumor extract was freed from cells b> centrifugation at 
3,000 revolutions per minute for fifteen minutes, and the supernatant fluid was 
recentnfugated at 8,000 revolutions per minute for thirtj minutes m an angle 

10 Stubbs, E L , and Furth, J J Exper Med 61 593, 1935 



220 


ARCHIVES OF PATHOLOGY 


centrifuge The supernatant fluid was used for inoculation in chickens and for 
implantation on the chorioallantois The material was cell free when examined 
under the microscope and was sterile when cultured aerobically and anaerobically 
Experiment B was carried out m a similar manner except that frozen cellular 
tumor material suspended in Tyrode’s solution was used in the preparation of the 
extract The resultant supernatant fluid was concentrated by centrifugation in 
a Bauer and Pickels high speed centrifuge run at 28,000 revolutions per minute 
for forty-five minutes 

In experiments C and D, 10 Gm of tumor (sarcoma) was finely chopped 
and ground with sterile sand, 250 cc of Tyrode’s solution was added and the 
suspension shaken for fifteen minutes Sand and solid particles were removed 
by centrifugation The supernatant fluid was passed through a Seitz E K filter, 
with a culture of Bacillus prodigiosus being used as a control This filtrate was 
also free from cells 

In 12 of 32 egg membranes, each of which had received 0 25 cc of 
cell-free extract, tumors veie obseived (table 2) Discrete, raised gray- 
white opaque nodules, 1 to 3 mm m diameter, covered the inoculated 
areas Fragments of membrane containing tbe growth were reimplanted 

Table 2 — Pioduction of Sarcoma with Cell-Free Virus (Sat coma 13) 


Chorioallantois 

Pectoral Muscle 

r \ r" 

Number Number vnth 

Number Number with 


Evpenment 

Inoeulated 

Tumors 

Inoeulated 

Tumprs 

A 

8 

C 

3 

3 

B 

8 

0 

2 

2 

0 

8 

G 



D 

8 

0 

i 

2 

Total 

32 

12 

9 

7 


on two successive senes of egg membranes in each of the foui experi- 
ments, and all produced growths of about the same character and size 
as those of the first passage The malignant nature of these lesions was 
not determined by inoculation m birds Similar lesions, however, were 
never produced on membranes by implantation of sterile tumor-free 
tissue 

These experiments indicate that the virus of sarcoma 13 readily pro- 
duces tumor on the chorioallantoic membrane of the chick embryo and is 
capable of producing a gi owth in the breast of the chicken 

PROPAGATION OF SARCOMA 13 IN THE ANTERIOR CHAMBER 
OF THE CHICKEN’S EYE 

Fragments of sarcoma 13, 1 mm m diametei, were placed m the 
anterior chambers of chickens’ eyes under sterile precautions, and ten 

11 Bauer, J H, and Pickets, EG J Exper Med 64 503, 1936 
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days after the transplantation an average increase of twice the initial 
size of the inoculums was noted in one half of the birds A tumor that 
occupied practically all of the anterior chamber of a chicken’s eye 
twenty-seven days after inoculation is shown in figure 2 C This tumoi 
infiltrated the ins, ciliary body and part of the choroid, and loosely 
growing tumor cells also invaded the posterior chamber of the eye 
(fig 2E) 

Table 3 shows that 22 inoculations were made into anterior chambers 
of chickens’ eyes, and in 11 instances progressively growing tumors 
developed The percentage of successful ocular implantations was 50, 
as compared with 65 7 in the chicken breast and 70 8 on the chorio- 
allantois These experiments show that the anterior chamber of the 
eye is a satisfactory site m which to grow a virus tumor Although 
statistical proof is lacking, our observations indicate that the rate of 
growth IS more rapid on the chorioallantois than in the breast of the 
young chicken or in the anterior chamber of the eye 


Table 3 — Ti ansplantatwn Evpemnmis with Saicoma 13 





Percentage 

Site of Injection 

Injections 

Tumors 

■with Tumors 

Anterior chamber 

22 

11 

50 

Intramuscular site 

38 

25 

65 7 

Chorioallantois 

120 

85 

70 8 


COMMENT 

Numerous birds which had been given injections of diffeient viruses 
of leukosis and sarcoma were in the same animal room with chickens that 
were being given injections of benzpyrene The fact that the benzpyrme- 
induced tumors could be passed with the greatest difficulty in chickens 
and not at all on the chorioallantois indicates that they do not contain any 
of the viruses used in other studies in this laboratory Since we have 
failed to propagate the benzpyrene tumors in senes, the question arises 
whether these growths were malignant Microscopically they were 
indistinguishable from the chicken tumors that were produced by virus 
and from the sarcoma growths in mice They were locally invasive, and 
metastases w^ere found in 2 of the 3 chickens which received benzpyrene 
Malignancy and transplantability obviously do not go hand m hand 

The success of othei woikers with various tumor implantations on 
the chorioallantoic membrane and in the anterior chamber of the eye 
led us to investigate wdiether the benzpyrene tumors could be propagated 
b\ these methods These experiments were unsuccessful, but control 
experunents wath the readily transplantable chicken sarcoma showed 
that the anterior chamber of the eye is slightly less fa\orable for the 
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propagation of sarcoma than the breast of the chicken The chorio- 
allantois, however, appears to be as good, if not bettei, than the breast 
as a site for the piopagation of the growth 

Greene and Saxton^- tiansplanted rabbit uterine adenoma into 
anterior chambers of rabbits’ eyes When tumor fragments were used, 
50 per cent giew successfully Although we worked with a virus-induced 
tumor of fowl, our percentage of transplants that grew is similar 

While our figures show that the anteiior chamber of the eye is less 
favorable for the propagation of a tumor than the other two sites 
mentioned, the peicentage of transplants showing growth is sufficient!} 
high to demonstiate the value of this proceduie The mam advantage 
of the method is that one ma}'^ make lepeated and diiect observations 
of the tumoi 

Attempts weie made in a senes of experiments to glow malignant 
lymphoid cells of mice on the chorioallantois These experiments have 
so fai given negative results but aie still in progress 

SUMMARY AND CONCLUSIONS 

Sarcoma was produced in 3 chickens by injection of benzpyiene 
Attempts to transplant 2 of the tumors into 39 chiclcens were unsuccess- 
ful, and the third tumor could be transplanted m but 1 of the 47 chickens 
m which it was inoculated In subpassage this tumor grew in only 1 
of 10 chickens into which it was passed, and on further passage, in 
1 of 13 

These tumors could not be propagated in the anterior chambers of 
chickens’ eyes, and attempts to piopagate 1 of the 3 tumors on the 
chorioallantoic membrane of the chick embryo were unsuccessful 

The fact that the benzpyrene-induced tumors were transplanted with 
such difficulfy indicates that if they contained any virus they did not 
contain any of the readily transmissible viruses studied in this laboratory 

The virus-induced sarcoma 13 studied in control experiments was 
grown on the chorioallantois in 70 8 per cent, in the breast of the chick- 
ens in 65 7 per cent and in the anterior chamber of the chicken’s eye 
in 50 per cent of the trials The fact that the growth may be observed 
directly in the anterior chamber makes this a valuable site for the study 
of tumor propagation 

This tumor was transmitted on egg membranes for eight successive 
generations 

Cell-free material from sarcoma 13 produced sarcoma on the chorio- 
allantoic membrane of the chick embryo as well as in the breast of the 
inoculated chicken 


12 Greene, H S N , and Saxton, J A , Jr J Exper Med 67 691, 1938 



PRIMARY CARCINOMA OF THE LIVER 
J LOESCH, M D 

ONEONTA, N ^ 

In the majority of cases primaiy caicmoma of the liver is lather 
easily identified and classified fiom the distiibution and chai actei istic 
gross appeal ance, especially when it is in the early or model ately 
advanced stage, oi, if the natme of the lesion is more obscuie, by a 
caieful seaich of the other oigans to eliminate a pi unary tumor in those 
stiuctures Howevei, it is fiequently difficult, sometimes even impos- 
sible, to classify primary carcinoma of the liver as to histogenesis 

My co-workers and I on seveial occasions saw so much variation 
of the histologic pictuie duimg loutine study of such cases oi even 
within the same case that we were piompted to subject our autopsy 
mateiial to a careful sciutiny, taking seveial blocks from difterent 
aieas of the tumor and thereby attempting to evolve ceitain histologic 
criteiia which could be used for classification in aLpical cases 

Accoidmg to the hteratuie, all investigatoi s seem to have agieed 
on the comparatively rare occurrence of this type of neoplasm Thus 
Goldziehei and von Bokay ^ leported 18 cases in 6,000 autopsies, Rowen 
and Mallory “ 9 in 6,500, Clawson and Cabot ® 5 in 5,100, Torland ^ 
10 in 6,000 and Fried ® 4 in 1,200 

Our material coinpiised 11 cases of primary caicmoma of the liver 
m advanced stages and 3 of the neoplasm in eaily stages in 3,000 
autopsies The latter (cases 2, 3 and 5) were found incidentally 

REPORT OF CASES 

Case 1 — The patient was an emaciated white man, 55 yeai s old 

The liver was cirrhotic , its weight was 614 pounds (2,948 Gm ) , contiguous to 
the inferior vena cava was a large necrotic tumor mass with cential hemorrhage, 

From the Department of Pathology, Buffalo City Hospital, and the Laboratory 
of the Homer Folks Tuberculosis Hospital 

1 Goldzieher, M A , and von Bokay, Z Virchows Arch f path Anat 203 
75, 1911 

2 Rowen, H S , and Mallory, F B Am J Path 1 677, 1925 

3 Clawson, B J , and Cabot, VS J A M A 80 909, 1923 

4 Torland, cited by Herxheimer, in Henke, F, and Lubarsch, O Handbuch 
der speziehen pathologischen Anatomie und Histologie, Berlin, Julius Springer 
1930, vol 1, p 823 

5 Fried, B M Am J M Sc 168 241, 1924 
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whitish nodules, ranging in size from that of a small pea to that of a large cherry, 
were distributed throughout the remaining portion of the organ 

Microscopicall}", the tumor resolved itself into acini with delicate vascularization 
between these structures The acinal cells were much smaller than the liver cells 
and had basophilic cytoplasm The majority of the acini contained bile in their 
lumens Single tumor acini were frequently seen in the periportal lymph spaces 
and in larger veins, intermingled with blood Occasionally, some of the acinal 
cells showed mitotic figures with formation of giant cells Contiguous to the tumor, 
the hepatic parenchyma was compressed, resulting in marked degenerative changes 
m the liver cells 

Case 2 — The patient was a well developed, somewhat obese white man, 62 
years old 

The liver was characterized by advanced cirrhosis and showed numerous large 
regenerative adenomatous nodules scattered throughout, m the upper half of the 
midportion, between the right and the left lobe, there was an encapsulated ohve- 
sized nodule, largely friable and necrotic 

Microscopically, the structure of the nodule was like that in case 1 except that 
no bile was found Seiial sections revealed capsular invasion and extension along 
the lymph and blood spaces, with tumor cell nests a considerable distance from 
the main nodule One of the tumor foci had penetrated the wall of a small vessel 
and therewith gave rise to further spread of the tumor 

Case 3 — The patient was a poorly nourished white man, 60 years of age 
The liver was cirrhotic , in the center of the right lobe was a tumor node, 2 cm 
in diameter and encapsulated by a thick layer of connective tissue On sections 
through various levels it was found that the tumor had penetrated the capsule at 
several points and that thrombi extended into the branches of the portal vein 
Microscopically, the cirrhotic liver presented small deposits of iron pigment m 
the periportal connective tissue The structure of the tumor was like that in 
case 2 

Case 4 — The patient was a fairly well nourished white man, aged 62 years 
The liver was discolored diffusely greenish, it was cirrhotic, with a deep cleft 
along the coronarj'^ ligament , in the upper portion of the right lobe there was a 
large striated and lobulated tumor mass, immediately adjacent to the latter there 
were numerous small nodules, which compressed but did not invade the inferior 
vena cava or hepatic veins Metastases were found in several thoracic vertebrae, 
in two situations they protruded into the spinal canal, resulting in compression 
of the spinal cord 

Microscopically, this tumor greatly resembled that in case 3 In addition, how- 
ever, the cells were at times arranged in strings with spaces between them, sug- 
gesting hepatic sinusoids, as they were lined by slender cells resembling Kupffer 
cells There were also areas where the tumor formed wide cords, with the cells 
varying considerably in size and shape, many of them containing acidophilic 
granules in the cytoplasm Bile was nowhere demonstrable The structure of 
the vertebral metastases was the same as that of the mam tumor Sometimes the 
variation seemed to be even greater 

Case S — The patient was a well nourished white man, 50 years old 
The liver was slightly enlarged, with sharp edges and a reddish brown cut 
surface At the porta hepatis there was a circumscribed whitish growth, 1 75 cm 
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in diamtter, which had broken into a large vein, filling the entire lumen with a 
tumor thrombus 

Microscopically, the liver was that of a patient with acute leukemia The hepatic 
cells contained a great deal of iron pigment, moie pronouncedly at the periphery of 
each lobule The tumor nodule, subdivided bv several septums, had penetrated at 
one point the inner capsular layer and was spreading in a circular manner along 
the lymphatic spaces It was immature and showed in the main a medullary 
arrangement, forming wide cords with fine vascularization between them In a 
few areas, however, typical acini were seen The lymph spaces were marke lly 
distended, giving the growth an angiomatous character Bile formation was 
nowheie demonstrable 

Case 6 — The patient was a well nourished white man, 62 years old 

The liver was cirrhotic, the parenchyma between the markedly thickened 
portal framework was replaced by whitish nodules of varying size, except for a 
small area in the left lobe Most of the intrahepatic vascular spaces were in\aded 
by tumor Through a vein of the liver this growth extended into the inferior vena 
cava and was adherent to the wall of the vessel for 8 cm After penetration of 
the wall at one point, it spread along the lumbar portion of the spine, invading 
simultaneously some of the intervertebral disks and the bodies of the second and 
third lumbar vertebrae Small metastases were demonstrable in the first, second 
and third ribs and the clavicle on the left side, one small tumor nodule was found 
in the body of the sternum, and numerous ones, varying m size, were scattered 
throughout both lungs 

Histologically, the tumor proliferations resembled in the mam those in case 2 
In addition, in some situations the acini contained in their lumens granular acid- 
ophilic masses The accumulation of these reached, especially in the central portions, 
such an extent that the lumens were distended and the surrounding cells flattened 
Thus a picture not unlike that of a thyroid was produced In other places the 
growth consisted of columns, the cells of winch resembled hepatic cells In some 
vessels (fig 1) the blood was frequently intermingled with tumor acini, thus 
accounting for the wide spread of metastases The thrombus in the inferior vena 
cava and the nodules in the lungs presented the same picture as the tumor m the 
liver In the bone metastases, however, a more solid arrangement predominated 
The cells were pleomorphic, and their cjtoplasm was distended by mucoid material, 
which displaced the nuclei peripherally 

Case 7 — The patient was a well nourished white man, aged 60 jears 

The liver was small and cirrhotic, with ill defined whitish tumor nodules from 
0 5 to 2 cm in diameter scattered throughout the organ There were multiple 
metastases m the peritoneum 

Microscopically, the markedly cirrhotic liver showed small deposits of pigment 
m the periportal tissue The tumor revealed great variation histologically Thus, 
in one area there were mature adenomatous formations (fig 2 A), many of which 
contained inspissated bile in their lumens and were subdivided by septums and 
surrounded by a connective tissue capsule Occasionally, the latter was missing 
and the transition from tumor to liver columns was direct In other areas the liver 
parenchjma was replaced by narrow cords of tumor cells, which stained dark 
blue with hematoxjdin and eosm (fig 2 B) The stroma was diffusely infiltrated 
bj polymoiphonuclear leukocjtes In other situations, again, broad cohimnar-hke 
formations \\ere noted, consisting of cells with the nuclei placed peripherally and 
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the cytoplasm a diffuse pink (fig 3 A) Finally, areas of pleomorphic elongated 
tumor cells were encountered (fig 3 B) Arranged in groups or single and 
enmeshed in young connective tissue, they simulated a sarcoma-like structure 

Case 8 — The patient was a poorly nourished white man, 58 years old 

The liver was cirrhotic, with whitish nodules from 0 5 to 4 cm in diameter, 
the largest concentration of which was in the right lobe A tumor thrombus was 
found in the portal vein, beginning at the fusion of the mesenteric tributaries and 
extending into several intrahepatic blanches In the loner lobe of the right lung 
there was a metastasis 1 cm in diameter 



Fig 1 — Tumor acini in a blood vessel 

Histologically, the tumor consisted chiefly of cords of cells, varying in form 
and size, with the cytoplasm slightly acidophilic and the nuclei stronglj basophilic 
Large multmucleated cells, so-called tumor giant cells, were found not only in the 
neighborhood of necrotic areas but also in the intact tumor Frequently they formed 
true tumor columns (fig 4) Some of the tumor cells contained m their cyto- 
plasm granular debris and numerous polymorphonuclear leukocytes In other 
sections, again, the tumor consisted of large unmucleated cells with fat vacuoles 
m the cytoplasm The stroma was scant, and through it ran a fine capillarj' 
network Thus, the picture was not unlike that of hypernephroma Further, m 
other sections a pleomorphic cellular arrangement was seen as observed in some 
of the previous cases 
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Case 9 — The patient was a white man aged 71, fairly well nourished 

The liver was markedly enlarged, with numerous nodes protruding from its 
surface Nearly the entire lower portion of the right lobe was replaced by a 
tumoi mass, IS cm in diameter and necrotic in the center There were se\eral 

tumor proliferations in the remaining portions of the liver A small metastasis 

was detected in the lower lobe of the left lung and in a lymph gland at the 
bifurcation of the trachea 

Microscopically, the liver revealed foci of necrosis and a central zone of con- 
gestion with atrophy of the liver cells Peripherally there were small deposits of 
fat The periportal connective tissue was but slightly increased The tumor was 
arranged in cords Some of the cellular elements resembled hyalinized liver cells, 
the rest were pleomorphic The latter predominated, varied in size and had no 

similarity to any cell type Some stained very dark, others were light Along 

the edges of the tumor a gradual shading off into normal tissue was noted Also, 
tumor giant cells and tumor invasion of vessels were frequently seen The extra- 
hepatic metastases revealed the picture of the primary tumor 

Case 10 — The patient was a white man aged 60 years, fairly well nourished 

The liver was markedly enlarged , its weight was 6 pounds (2721 5 Gm ) 
Numerous whitish nodes, varying m size, were scattered throughout the organ , a 
tumor thiombus was found in the portal \ein and metastases in the portal 
lymph nodes 

The tumor consisted of cells that were cyhndric or cuboid , in their cytoplasm 
they contained acidophilic granules, they were arranged either in single layers 
with a delicate stroma between them or in solid thick cords In the latter, central 
necrosiS was sometimes observed Also, this tumor frequently showed multinucleated 
tumor giant cells The metastases in the portal lymph nodes presented great 
similarity to the picture just described The medullary arrangement, however, 
predoniirated 

Case 11 — The patient was a white man aged 60 years, poorlv nourished 

The liver was cirrhotic, with large adenomatous nodes as evidence of marked 
regeneration Almost the entire right lobe was replaced by a tumor mass that was 
necrotic in the center The left lobe contained a few small nodes In the portal 
\ein a tumor thrombus filled the entire lumen and extended into several intrahepatic 
branches 

The tumor was of a medullary type throughout On longitudinal sections the 
cells formed broad columns, and between the latter was a delicate vascular network 
Thus this growth resembled somewhat that in the previous case Tumor giant 
cells were seen in almost every field The liver cell cords adjacent to the tumor 
nodes were compressed, indicating expansive rather than infiltrative growth The 
periportal tissue contained tumor in nearly every blood and lymph space The tumor 
formations in the lungs were like those described in the liver 

Case 12 — The patient was a white woman aged 45 years, well nourished 

On exploratory laparotomy the diagnosis of carcinoma of the liver was made, 
and a piece of tissue was removed The histologic diagnosis was carcinoma with 
cells resembling liver cells Permission for an autopsy was refused 

I 

Case 13 — The patient was a white man of 76 years, poorly nourished 

In the right lobe of the cirrhotic liver there was a large tumor mass, with 
numerous tumor nodules of var>ing size m the remaining portions of the liver 
There were metastases in two portal lymph nodes 
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Case 14 — The patient was a very obese white woman, aged about SO years 
The liver was enlarged, and the surface was finely granular On section +he 
entire organ was studded with tumor nodes, the greatest concentration of which 
was in the lower portion of the right lobe 

As the last two tumors had about the same histologic picture they will be 
described together The growth had a tubular arrangement consisting of one 
layer of cells which were at times somewhat cuboid and at other times cylmdric, 
resembling the lining cells of bile ducts Bile was nowhere found, also there 
were no tumor giant cells Betw'een the tubular structures, w'hich were more 



Fig 4 — A tumor giant cell forming a tumor column 


clearly defined in the peripheral portions of the nodes, there were broad strands 
of connective tissue These weie diffusely infiltrated with poh^morphonuclear 
leukocytes and earned but scanty vascularization The metastases in the lymph 
nodes had merely an imitation of the tubular structure found in the liver as the 
arraniiement of the cells was much more dense 

COMMENT 

On a careful anal3'sis, giving attention to cell stiucture and to 
arrangement of cells, to the presence of stroma and to its width, to the 
degree of vascularization and to the functional capacity of the cells. 
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cases 1 to 12 weie classified as cases of liver cell and cases 13 to 14 
as cases of bile duct cell carcinoma The terms “hepatoma” and 
“cholangioma,” introduced by Yamagiwa ® and used m more recent 
articles by Fried® and Oisos/ were omitted because they might lead 
to confusion inasmuch as they do not express the malignant character 
of the tumor and therefoie might be justifiablj’’ used for the benign 
adenoma If, however, such designations are used for the malignant 
tumors, then the attribute “cai cmomatosum” or “mahgnum” should 
be added 

The liver cell type is unique Acini formations, which characterize 
the more mature tumoi, weie found m cases 1, 2, 3, 4, 5 and 7 These 
contained inspissated bile in cases 1 and 7 only Mucoid droplets m the 
cellular cytoplasm, resulting m collections of this material m the lumens 
of acini, were found m cases 4, 6, 7 and 9 In case 6 the lumens 
were distended m situations, the lining cells being flattened and a struc- 
ture not unlike thyroid produced This formation of mucus was not 
regarded as a degenerative process but as a part of the functional 
activity of the carcinoma cell This belief was supported by the absence 
of disintegrative material in these areas The fat deposits m cases 4 
and 6 were other evidences of the functional capacity of the cancer 
cells In case 5 another feature was noted, which consisted of a marked 
distention of the vascular network, imitating an angiomatous type of 
tumor Case 7 was characterized by rosette formation with inspissated 
bile in the center and by columns of carcinoma cells that weie distinctly 
basophilic The stroma which was infiltrated by polymorphonuclear 
leukocytes was wide In some areas there were columns of cells con- 
taining a mucoid material that took a violet stain with hematoxylin 
and eosm, and in others, cellular foci, suggesting a saicomatous tumor 
This case illustrated very clearly the fallacy of expressing any con- 
clusive opinion as to the diagnosis based on the morphologic stiucture 
of the tumor in any one single area My colleagues and I ha-ve been 
profoundly impressed by this fact in the study of this series of cases 
Such terms as “sarcoma” and “carcinosarcoma” wmuld probably have 
been excluded in some of the leported cases if sections from many areas 
had been studied In case 8 the hyperuephroma-like stiucture and the 
pleomorphisni of the cells were outstanding features 

Multmucleated tumor giant cells were found in cases 1, 6, 8, 10 and 
11, varying in number and size Occasionally they formed an entire 
tumor column They are, in my opinion, peculiarly characteristic of 
carcinoma of the liver cell type and were missed in bile duct cell car- 
cinoma Etiologically considered, these cells are probabty in some of 

6 Yamagiwa, K Virchows Arch f path Anat 206 437, 1911 

7 Orsos, F Beitr z path Anat u z allg Path 84 33, 1930 
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the cases the result of precipitated division of the nuclei without division 
of the cytoplasm This seems to be the only explanation when regressive 
changes aie not in evidence In the majority of cases, however, I regard 
them, in agreement with Petersen,'" as a sign of slowly occurring cellular 
disintegration This disintegration is evidenced b)'^ the granular debris 
in the cytoplasm and the immigiation of numerous leukocytes therein 
The nucleus, however, still divides, but not the cjdoplasm The stroma 
in neaily all these cases was delicate, cairying a fine vascular network 

The bile duct cell type showed a tubular arrangement, a uniform 
histologic picture, a broad stroma, no formation of bile, and tumor giant 
cells nowhere 

A consideiable liteiatuie has accumulated dealing with the question 
as to whether piimary carcinoma of the liver is multicentric or uni- 
centric m origin Adheients of the first theorj weie Travis,® Lohlem,® 
Yamagiwa," Goldziehei and von Bokajq^ Counsellor and Mclndoe 
and others The chief repiesentative of the second theory was 
Ribbeit He claimed also that the spread of the tumor takes place by 
contiguit}'' and along the distributing lines of the portal vein In this 
statement he was supported b}'- Pleixheimei and Saltikow, who pointed 
to the fiequent invasion of smallei vessels, and was followed by 
Wegelin,^® Lissauer,^'* Winternitz,^® Karsner and others Goldzieher 
and A on Bokay stiengthened the first theory by not having found in 
seiial sections direct continuity fiom one growth to another This is 
also title for my case 2 In the latter, as well as m cases 3, 5 and 13, 
in all of which the eailj stages of caicinoma weie lepresented, the 
unicentnc origin and mode of propagation tteie illustrated cleaily, 
as seen from the descriptions Theoretically, the possibility of multi- 
centiic origin has to be allowed in some cirrhotic livers, since the regen- 
erative hyperplastic nodes aie usually multiple, and the latter are closely 
related to the development of carcinoma Yet it is my belief that it 
occurs A'ery seldom, and but raiely will theie be an occasion aftordmg 
a definite proof Thus, in case 6, which is one of diffuse liver cell cai- 

7a Petersen, W Beitr z Klin Chir 34 682, 1902 

8 Travis, C H Bull Johns Hopkins Hosp 13 108, 1902 

9 Lohlein, W Beitr z path Anat u z allg Path 42 531, 1907 

10 Counsellor, V S , and Mclndoe, A H Am J Path 2 557, 1926 

11 Ribbert, M W H Das Karzinom des Menschen, sein Bau, sein Wachstum, 
seine Entstehung, Bonn F Cohen, 1911 

12 Herxheimer, in Henke, F , and Lubarsch, O Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1930, vol 

1, p 868 

13 Wegelin, K Virchows Arch f path Anat 179 95, 1905 

14 Lissauer, At Virchows Arch f path Anat 202 57, 1910 

15 Winternitz, M C Johns Hopkins Hosp Rep 17 143, 1916 

16 Karsner, H T Arch Int Med 8 238, 1911 
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cinoma, a multicenti ic origin could leadily be considered, as many tumor 
nodules were of the same size But this probably was due to the 
lesistance of the thick poital fiamework, from which they could be 
pulled out with ease The diffuse involvement, on the other hand, can 
be explained without any hesitation on the basis of the great number of 
cai cinomatous acini found intermingled with the blood of the poital vein 
Intrahepatic metastatic dissemination occurred thiough the small 
blood vessels, lymph spaces and lymph \essels As the latter weie 
invaded along the large vessels, a spiead, accompan}'ing the portal rami- 


Vasculm Invasion and Evtiahcpatic Mctastases of Ptimaiy 
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fications, resulted Tumoi thiombi growing into the branches of the 
portal vein against the blood stieam and extending even into the main 
ttunk were another source of propagation They were observed in 6 
of these cases 

One instance was noted in which a tumor thiombus extended from 
a hepatic vein into the infeiior vena cava and penetrated the wall of the 
latter at one point 

In 01 del to get a cleai Mew of the extiahepatic metastatic distribu- 
tion the table may be referred to It seems strange that metastases 
could be demonstrated in the regional lymph nodes in 3 cases onty The 
pel itoneum was invoh ed once the lungs four times a bronchial lymph 
node once and the skeleton twice, in a case m which the skeleton ivas 
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involved epidural extension fiom the thoracic poition of the spine 
resulted in compiession of the spinal coid 

Many of the investigators of the subject called attention to the fact 
that cirrhosis was present in a majoiit} of cases (Eggel, cited by Heix- 
heimei , Rowen and Malloiy -) or in all of them (Stiong and Pitts , 
Kaisner Winteinitz It was found in 12 of the 14 cases reported 
here Wegelin and Lohlein ® believed the cirrhosis to be secondary 
to the carcinoma, as a leaction to nutation due to the presence of the 
tumor At present, howevei, all mrestigatois agree that cinhosis is 
the primal y condition and a piedisposmg factoi One must, however, 
recognize that slight prohfeiation of connective tissue takes place aiound 
the tumor, as was pointed out b}"^ Counsellor and McIndoe,^° Winternitz 
and otheis But this ne\ei leads to a picture of diffuse cirrhosis An 
example in the present series was seen m case 5, in which a distinct 
connective tissue reaction was noted in the immediate vicinity of the 
tumoi but w'as not demonstrable in the umnvolved parts of the liver 

It IS a well established fact that destruction of paienchyma is 
followed by regeneration to a var 3 nng degree In the more pionounced 
lesions the latter seems to follow'’ wuth greatei ease Then loss of 
control of growth, at one time or anothei, lesults in the formation of 
a tumoi 

Comparing the 12 cases leported here wnth 94 cases of atiophic cir- 
rhosis, covering the same peiiod, I armed at the conclusion that on the 
average piimaiy caicmoma of the liver developed m 1 of eveiy 8 cases 
of the latter number P'gmentaiy cirrhosis, wduch Mallor} found 
frequently associated with carcinoma of the liver, w'as of no etiologic sig- 
nificance in the present series , but slight pigment dejxisits w'ere occa- 
sionally seen in the periportal connectne tissue, as m cases 4 and 7 
Those m the In^er cells m case 5 w ere unquestionably due to destruction 
of red cells during the course of the acute leukemia Since adenomatous 
hyperplasia w'as absent in this case, the tumor oiiginated presumably 
m an embryonic rest or in a clump of Inei cells wduch w'ere sepaiated 
from the surrounding parenchjma b}' connective tissue, the regulatoiy 
contiol being lost at a later period The tiuth in either case cannot be 
determined with any degree of certainty This case, then, may be 
grouped with those reported by Pledinger, Helvestine, Wiest and others, 
since primary caicmoma of the In’^er without cirrhosis is generally found 
in 3 'oung persons 

SUMMARY 

Fourteen cases of primary caicmoma of the liver are repoited, 12 
of the liver cell and 2 of the cholangiocellular type The hepatocellular 
type is unique in the vaiiation of the microscopic picture, not only in 

17 Strong, G F, and Pitts, H H Arch Int Afed 46 105, 1930 
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different cases but also fiequentl}' m the same case, the cholangiocellular 
type is of a uniform structure, with an adenocarcmomatous picture 

Metastases within the liver were demonstrated in the early stage of 
the development of the primary tumor The intrahepatic spread of the 
growth took place along the portal vessels, lymph spaces and smaller 
blood vessels and from tumor thrombi of the proximal branches and 
the mam trunk of the poital vein In case 6 a tumor thrombus extended 
along a hepatic vein far into the vena cava inferior, perforating the wall 
of the latter at one point 

Extiahepatic metastases were not uncommon, their distribution is 
seen in the table 

Carcinoma of the liver is unicentiic m origin, as was clearly demon- 
strated m the study of the early cases The same explanation is also 
compatible with diffuse involvement, as seen from the descriptions given 
in foregoing sections 

In 3,000 autopsies 94 cases of atrophic cirrhosis were found, in 12 
of which primary carcinoma was demonstrated , 2 additional cases of 
primary carcinoma of the liver without cirrhosis were demonstrated, 
the apparent oiigin being an embryonic rest or a clump of cells separated 
from the mother tissue 

It was found twelves tunes in males and twice in females The 
average age of the patients was 59 5 years 



CLASSIFICATION AND PATHOLOGY OF RENAL 
DISEASE IN THE DOG 

COMPARISON WITH NEPHRITIS IN IMAN 

FRANK BLOOAI, DVM 

rLbSHI\G, L 1 , N V 

The problem of Blight’s disease m man has been the subject of 
intensive experimentation and lesearch Numerous investigators haie 
utilized the dog in the artificial pioduction of nephiopathies On the 
whole, it IS true that the lenal lesions induced have little resemblance 
either to the glomerulonephritis uhich occurs in man or to the renal 
inflammatory disease which the dog suflFeis natuiall} It is desirable to 
be familiar with this spontaneous lenal disease of the dog in order to 
interpret better any experimentall) produced nephropathy Furthermore, 
renal disease occurs in this animal with comparatively great fiequency, 
and if this fact is not recognized, incoiiect conclusions may be drawn 
from the results of any expeiiinental imestigations in which the kidneys 
are examined 

The principal lenal inflammatory disease of the dog is true inter- 
stitial nephritis, which may be acute, subacute or chronic When acute. 
It closely resembles in manj'’ respects the acute interstitial nephritis in 
man which occasionally occuis as a complication of scailet fever and 
othei acute infections The so-called chronic interstitial nephiitis m 
man must not be confused with the true chronic inteistitial nephiitis of 
the dog In the latter, the piocess has its inception in the inteistitial 
tissue, and the tubular and glomerulai changes are purely secondary 
Aschoff’s ^ statement that m some cases conti acted kidney in man may 
commence from acute interstitial nephritis, while not generally believed, 
IS further controverted by the fact that true chronic inteistitial nephritis 
in the dog is easily differentiated fiom contracted kidney of man result- 
ing from glomerulonephritis or arterial disease It is thus an interesting 
fact of comparative pathology that interstitial nephiitis which is of very 
minor importance in man should be of such great significance m the 
dog, while glomerulonephritis is of no importance in this animal but is 
the dominant renal inflammatory disease of man 

1 Aschoff, K A L Pathologische Anatomic, ed 6, Jena, Gustav Fischer, 

1923 
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In a perusal of the medical literature it is noted that the fact that the 
dog suffers principally from interstitial nephritis is generally not recog- 
nized and that many descriptions are given of the spontaneous renal 
disease of this animal ^\hlch do not closely correspond to that which 
actually occurs Veterinary textbooks and writers with few exceptions 
also give an erroneous concept of nephritis m the dog The terms 
used and the descriptions seem to have been borrowed fiom the older 
medical textbooks 

LITER ATUKC 

The older veteiinary pathologists were fully aware that the dogs 
frequently showed renal lesions at postmortem examination In most 
cases the description of the lesions was based purely on macroscopic 
examination, and it remained for Davis ^ to be first to describe inter- 
stitial nephritis m the dog Joest ^ and Nieberle and Cohrs * stressed 
the frequent occurrence of interstitial nephritis m dogs Henschen ° 
gave a good survey of the older literature Muller,® Brumley,’^ Hutyra, 
Marek and Manninger ® and Jakob,® in their descriptions of canine 
nephritis, placed exceedingly little stress on inteistitial nephritis 

Workers on experimental nephritis also have stressed the great 
frequency of spontaneous renal disease in dogs, though in most 
instances either the author did not state what type was present oi the 
pathologic description is faulty Microscopically Dayton found 1 of 
21 dogs with normal kidneys However, he described the histologic 
changes as glomerulonephritis and, in the moie chronic cases, sclerosis 
of the arteries Interstitial changes, such as fibrosis and round cell 
infiltrations, were also mentioned but no recognition was given that 
these were primary MacNider m a series of 237 dogs found 42 

2 Davis, U Die histologischen Veranderungen bei der Nephritis des Hundes, 
Dissert , Berne, E Hess, 1908 

3 loest, E Spezielle pathologische Anatomic der Haustiere, Berlin, R 
Schoetz, 1924, vol 3 

4 Nieberle, K, and Cohrs, P Lehrbuch der speziellen pathologische 
Anatomic der Haustiere, Jena, Gustav Fischer, 1931 

5 Henschen, F , in Joest * 

6 Muller, G A Diseases of the Dog and Their Treatment, ed 5, translated 
by A Glass, Chicago, A Eger, 1926 

7 Brumlev, O Diseases of the Small Domestic Animals, Philadelphia, Lea & 
Febiger, 1938 

8 Hutyra, F , Marek, J , and Manninger, R Special Pathology and Thera- 
peutics of the Diseases of Domestic Animals, translated by C F Marshall and 
C M Ottley and edited by J R Greig, J R Mohler and A Eichhorn, London 
Bailliere, Tindall & Cox, 1938 

9 Jakob, H Innere Krankheiten des Hundes, Stuttgart, Ferdinand Enke 
1924 

10 Dayton, H J M Research 31 177, 1914 

11 MacNider, W deB J M Research 34 177, 1916 
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nephropathic He described the renal lesions as primary glomerulo- 
nephritis with absence of acute inflammatory glomerular changes He 
made no mention of interstitial round cell infiltrations To term such 
lesions glomerulonephritis is ceitamly contradictory to the type of renal 
lesions the dog commonly suffers from Winternitz and Quinby^- 
described spontaneous nephritis in a dog which closely resembled intei- 
stitial nephritis Howevei, the}’’ stated further that while spontaneous 
renal lesions are not uncommon in dogs occasionally extensive anatomic 
changes occui that aie similar, even in their detail, to those found in 
the piogressive nonsuppurative types of nephritis in man Hartman, 
Bolhger and Doub in a study of roentgen lay nephritis in dogs stated 
that one of the reasons that dogs were selected for their experiments is 
that the animals are less notorious for incidence of spontaneous nephritis 
The evidence is to the contrary, renal lesions being more frequently 
found than is commonly believed 

Since this paper was written, Whipple and Robscheit-Robbins^^" 
have stated that 11 per cent of the dogs in then anemia colony had 
glomerulonephritis at autopsy Undoubtedl} these animals had intersti- 
tial nephritis, and it would indeed be remarkable if glomeiulonephritis 
were found in so many dogs 

MATERIAL AND METHODS 

This report is based on observations on a series of 4,123 dogs of all ages and 
breeds that were brought to the hospital for examination and treatment Of this 
number, 274 suffered from clinical renal disease, a diagnosis confirmed by Iaborator> 
examinations of the blood and urine, and were brought to the hospital expressly 
because of the uremic symptoms Of these, 70 died or were killed because the con- 
dition was deemed incurable In another group of 200 animals that died of various 
causes and in which uremic symptoms were absent, histologic examinations of 
the kidneys showed lesions of focal interstitial nephritis in 108 dogs 

Necropsies were made immediately and the tissues fixed in a 10 per cent dilution 
of neutral solution of formaldehyde U S P , Zenker’s fluid, Maximow’s fluid 
and Flemming’s solution and were stained with hematoxylin and eosin, the Lee- 
Brown modification of Mallory’s aniline blue,^^'’ Wright’s stain, Gram’s stain, iron- 
hematoxylin, Van Gieson’s stain, Weigert’s stain and Wilder’s silver stain for 
reticulum 

GENERAL OBSERVATIONS 

The clinical features of the disease and the laboratory studies of 
the blood and mine have been described elsewhere The symptoms 

12 Winternitz, M C, and Qumbv, W C J Urol 1 139, 1917 

13 Hartman, F W , Bolhger, A , and Doub, HP J A M A 88 139, 
1927 

13a Whipple, G H , and Robscheit-Robbins, F S J Exper Med 69 485, 
1939 

13b Lee, B The Microtomist’s Vade-Mecum, Philadelphia, P Blakiston’s 
Son & Co , 1937 

14 Bloom, F J Am Vet M A 44 679, 1937, Cornell Vet 27 130, 1937, 
Lederle Vet Bull , March-Apnl and May-June, 1938, vol 7 
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in general are those of uremia Edema and hematuria are exceedingly 
raie Cardiac hypertrophy is usually absent, and ophthalmoscopic 
examination of the fundi reveals no vascular changes Convulsions do 
not occur, though muscular twitchings are sometimes present The 
etiologic factors are unknown, though a large variety of causes have 
been implicated The disease occurs more frequently in male animals, 
and piactically all dogs over 8 years of age evidence some degree of 
interstitial nephritis 

CLASSIFICATION 

The following classification is pioposed, based on the histologic 
examinations 

I Noninflammatory nephropathies 

1 Nephrosis 

(a) Mild, moderate and severe (necrotizing) 

(&) Amyloid 

II Inflammatory nephropathies 

1 Suppurative nephritis 

2 Interstitial nephritis 

(a) Acute, subacute and chronic 

Glomerulonephritis and arteriosclerotic kidneys have not been 
encountered in this group of animals One kidney showed spotty calci- 
fication of the larger arteries, involving principally the media and closely 
resembling Monckeberg's sclerosis Lipoid nephrosis is unknown in 
the dog In the group of 70 animals which died of uremia, histologic 
examination of the kidneys showed the following percental incidence of 
the different nephropathies necrotizing nephrosis, 2 8, amyloid nephro- 
sis, 1 4, suppurative nephritis, 7 1, and interstitial nephritis, 88 7 

PATHOLOGY 

Nephrosis and suppurative nephritis are similar in their histologic 
aspects to the same conditions in man and therefore do not require 
special description 

The following discussion therefore is a discussion of interstitial 
nephritis Macroscopically, the kidneys show a variety of appearances 
depending on the type of disease present The acute focal type is 
characterized by the presence in the cortex and, if the condition is of 
the severer type, in the outei zone of the medulla of small pinpoint to 
pinhead sized areas of a whitish gray color on the surface The acute 
diffuse type shows these areas increased in size and m number If the 
nephritis is of a mild and focal type, the macroscopic appearance may 
be entirely normal The capsule peels easily, and there is rarely any 
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bulging on section The cortical markings are usually distinct but they 
may be obscuied if the mfiltiations aie dense and extensive The 
color of the kidney is usually normal, though occasionally it is a mottled 
deeper red In healed focal nephritis, the kidney appears normal with 
the exception of occasional pale giay scars The number of scars depends 
on the original severity of the disease 

The subacute form offers a variety of appearances and m some cases 
IS difficult to distinguish fiom the chronic foim Generally, the numbei 
or scars is increased, and this produces an irregular nodulai surface 
The capsule is usually adherent to the scarred areas, and the organ is 
firmer on palpation Iriegularly scattered, paiticularly m the cortex, 
are small giayish areas The striations are obscured m the areas of 
infiltration and scarring 

In the chronic form, the kidney is shi unken and contracted It is 
fibrous and firm and cuts with difficulty The capsule is commonl} 
thickened and adherent, though this is not an absolute rule, it may 
stiip easily The kidney is practically alwa}s a uniform pale tan color 
The surface is nodular, though the size of the nodules varies consider- 
ably in different kidneys The cortex is iriegularly deci eased in size, 
and the markings are usually obscured and obliterated Frequentl} 
there are present smaller and laiger cystlike structures in the medulla 
and occasionally in the cortex 

Microscopically, the picture is also variable but m geneial consists 
of the true inflammatory changes of infiltration and proliferation The 
infiltration is principally that of the interstitial tissue by mononuclear 
cells, and the proliferation is chiefly that of fibroblastic formation of 
connective tissue The infiltrating cells have the appearance of lympho- 
c}'tes, though some closely lesemble plasma cells The nucleus is oval 
and may be situated in the central or in the peripheral portion of the 
cell In fresh infiltrations these cells are large, the nuclei contain less 
chromatin and therefore stain lighter In old infiltrations the cells are 
smaller, the chromatin material of the nuclei is more compact, and the 
nuclei stain very deepl)'^ and appeal pyknotic The cytoplasm contains 
no granules, and on vital staining with trypan blue these cells do not 
take up the stain In some cases neutrophils are present m the infil- 
trations, though the predoiiimant cells are the lymphoc)’’tes The 
infiltrations may be perivascular, penglomerular and mtertubulai m 
distribution 

The number of infiltrative cells depends on the acuteness and extent 
of the nephritis In the focal type the infiltrations vary from several to 
large numbers of lymphocytes scattered irregularly throughout the 
kidney Most of the cellular collections are located m the cortex and the 
outer stupe of the outer zone of the medulla In the acute diffuse type 
the infiltrations are particularly dense and heavy The tubules m the 



BLOOM— RENAL DISEASE IN DOG 


241 




'Vs;„f v-^A-5- vM-?', . 


.T^- 7- >;^;3 -V .* .4-' 7 ^ ->v^-'V: 




" -•' V- 

•N~j 

>7 IV* 'i ' 


h WiSi. 



Fig 1 — A, acute focal interstitial nephritis, hematoxylin and eosin, X 60 
Note scattered collections of lymphocytic cells in focal areas The glomeruli and 
tubules are essentiallj normal B, greater magnification of the lymphocytic 
infiltration of A , Wright’s stain , X 280 
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Fig 2 — A, acute diffuse interstitial nephritis, hematoxylin and eosin, X 60 
Note very heavy collections of lymphocytic cells diffusely distributed throughout 
the organ The glomeruli even though included in the areas of lymphocytic 
infiltration are normal The tubules m the heavily infiltrated areas have dis- 
appeared B, focal scar extending from the outermost portion of the cortex to 
the medulla , hematoxylin and eosin , X 60 Several of the included glomeruli are 
fibrosed Outside the scar the renal parench>ma appears normal 
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infiltrated areas may be displaced oi destroyed , usually the epithelial 
nuclei persist in moderate numbers The reticulum m these areas is 
usually sparse In general the infiltrations are lighter in the inner zone 
of the medulla and rarely occur as large groups of cells 

The glomeruli and blood vessels show practically no changes with 
the possible exception of mild congestion in some cases, even though 
heavily sui i ounded by inflammatory cells The tubules involved evidence 
degenerative changes of different degrees, though many may be normal 
In the focal type the tubular changes are of a mild nature, consisting 
of cloudy swelling and slight vacuolation of the cytoplasm In the 
diffuse type the parenchymatous degeneration may be severe, with 
necrosis of the cells and disappearance of their nuclei The degen- 
eiative changes are most prominent in the proximal convoluted tubules 
Hyaline casts are commonly found and occasionally are of a granular 
nature with nuclear remnants In the cortex, particularly, aie frequently 
present regenerated epithelial cells, which contain large oval nuclei having 
a vesicular structure and boundaries that are indistinct or absent Many 
times mitotic figures aie piesent 

The aforementioned changes can terminate in several ways 1 They 
may disappear completeH b} resolution and absoiption 2 They may 
continually progress until more of the renal stiucture is involved 
3 They may heal with the production of connective tissue 

The formation of scars is frequently met with m loutine histologic 
examination of dogs’ kidneys They arise in the following manner 
Fibroblasts appear in the areas of lymphocytic infiltration, with the 
formation of fibrous connective tissue As the fibrosis increases, there 
IS a corresponding reduction m the number of round cells though they 
rarely disappear entirely With the Van Gieson and the Weigert stain, 
the connective tissue is of the fibrous type and is richly cellular in the 
earlier stages of the process The tubules and glomeruli m the seal red 
areas are also altered , the tubules may disappear or pei sist as scars or 
they may become dilated, showing a thin atrophic epithelium, and fre- 
quently they contain hyaline casts, the glomeruli may be distorted, 
fibrosed or hyahnized and maj show well advanced peiiglomerular 
fibrosis 

In some cases fresh lymphocytic infiltrations appear, and the process 
of infiltration and scarring appears to be continuous This constitutes 
the subacute form In such kidneys the pathologic alterations are 
decidedly more advanced than m the acute type The fibrosis is increased, 
and there are larger numbers of affected glomeiuh and distorted and 
dilated tubules Throughout the kidney are fresh lymphocytic infiltra- 
tions with the corresponding tubular changes However, a large amount 
of the renal tissue is normal and free from alterations 
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Fig 3 — A, chronic interstitial nephritis, hematox^hn and eosin, X 60 The 
cortex shows diffuse proliferation of interstitial connective tissue with scattered 
lymphocytic infiltrations The tubules show var^ung distortions, from collapse to 
dilatation The epithelium of the dilated tubules has been reduced to a thin, atrophic 
layer Some of the glomeruli are fibrosed, while others are distorted B, chronic 
mterstitial nephritis, hematoxylin and eosin, X 60 Section of medulla showing 
the distended collecting tubules with hyperplastic epithelium There is diffuse 
proliferation of intertubular connective tissue 
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Eventually the subacute form may result in chronic interstitial 
nephritis In the latter, the quantitative structural changes vary con- 
siderably The connective tissue proliferation is extensive in all cases, 
though in some the cortex is more aftected, and in others the medulla 
is moie involved Large areas of the organ may be converted into 
masses of fibrous collagen Scattered throughout the fibrosis are 
collections of lymphocytic cells with no definite distribution The 
glomerular changes are similar to those found m the focal scars but are 
more extensive However, in many kidneys the majority of the glomeruli 
show little change The tubular changes vary considerably In clinically 
compensated conditions the cortex may appear almost normal, though 
the medulla is extensively affected The number of dilated tubules is 
greatly increased This dilatation is exceedingly irregular, and the 
epithelium is very flattened The convoluted tubules that persist in their 
apparent noimal structural basis show decided parench3fmatous degenera- 
tion, and then lumens contain granular material Fairly constant in 
the inner zone of the medulla is the presence of dilated hyperplastic 
collecting tubules that have a glandlike appearance The cell boundaries 
of such tubules are indistinct, and the nuclei are arranged in irregular 
rows In the cortex and outer stripe of the outer zone of the medulla 
aie occasionally present hypertrophied tubules with tall columnar 
epithelium In some cases calcareous deposits are present in the fibrotic 
pencapsular tissue and around the atrophied tubules In all cases the 
arteries are normal and show no intimal changes even though surrounded 
by inflammatory tissue 

SUMMARY ^ 

In contiast to what is observed in man, in the dog, interstitial 
nephritis is the most common lenal inflammatory disease and may be 
acute, subacute and chionic The initial pathologic piocess consists of 
lymphocytic infiltrations m the interstitial tissue and is perivasculai , 
peiiglomerular and intertubular in distribution Such infiltrations ma)’’ 
be replaced partially or completely by fibrous connective tissue In 
some cases fresh lymphocytic infiltrations appear, with further produc- 
tion of fibrosis, so that eventually the entire kidney may be involved 
In such kidneys theie are extensive fibrosis, secondary glomerular 
change and dilatation of tubules, showing thin, atrophic epithelium In 
addition, some tubules may be hypertrophied and others hyperplastic 

Glomerulonephritis and arteriosclerotic kidne}’^s practically never 
occur in the dog 

137-138 Northern Boule\ard 
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CERVICAL POLYPS IN BOTH OF PRESUMABLY 
IDENTICAL TWINS 

Jean Cowing, M D , Philadelphia, and Madge Thlrlow AIacklin, M D , 
LL D , London, Ontario, Canada 

Tumors occuiring in twins are of great interest, both when the 
twins aie of the one ovum and when they are of the two ovum type, 
and also when one twin only and when both twins are aftected All 
such cases should be reported For that reason we are putting on 
lecord a case of cervical polyps m twins wdio we think aie probably 
monozygous because of the following points of resemblance (1) They 
were indistinguishable before puberty Later, one twmi gamed more in 
weight than the othei, thus altering their similarity to some degiee 
(2) Both now have hazel eyes wnth (3) marked arcus senilis, (4) the 
hair in both shows the same amount of grajmg, (5) the skin in both 
has the same sallow’' tint, (6) both have arthiitis of the knees, (7) both 
have arteriosclerosis, (8) both react similarly to the test of taste for 
phenylthiocarbamide, both agreeing that it is practically tasteless, only “a 
little bitter ” 

A'Irs C B, married and with children (her husband was a drunkard), was 
first seen at the age of 59 She had had a prolapsed uterus for thirteen >ears 
Her menopause began at the age of 49 She had slight bleeding for six months 
before she came for examination, which revealed perineal lacerations and a cervical 
polyp The lacerations w'ere repaired, and the polyp was removed She had 
been well, without any return of the polypous growth, for seven years 

The twin sister of Mrs C B , Mrs L S , married and with children (her 
husband also was a drunkard), was examined at the age of 64, at wnich time 
she weighed 65 pounds (29 5 Kg ) more than her sister She had had slight 
irregular bleeding for four years and feared she had cancer Examination showed a 
mo*derate cystocele and a rectocele, and also a cervical polyp, which was removed 
It was considerably larger than her sister’s had been, which was to be expected 
inasmuch as the sister’s had been operated on six months after the onset of symp- 
toms, and hers, not until four years after the onset 

Four years later a second polyp developed, which was removed For the 
pathologist’s report which follows, we are indebted to Dr Helen Ingleby, of the 
Woman’s Medical College of Pennsylvania “The polyp contains dilated glands 
embedded m cellular connective tissue In some places the stroma is packed with 
inflammatory cells and the epithelium is undergoing metaplasia toward the squamous 
type The cells are large and swollen, and, although they have multiplied, they 
appear to be degenerating and not neoplastic There is no evidence of malignant 
change The diagnosis is cervical poLp showing severe inflammation ” 

The patient also has a lump developing in her breast, for which she has been 
treated by roentgen rays, her physician preferring this type of therapy because of 
her very high blood pressure Hence no pathologic diagnosis of the variety of 
this tumor of the breast is available, there having been no biopsy The first twin, 
Mrs C B , has as yet no signs of any lump in her breast 
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Cervical polyp and prolapse of the uterus are apparently not lare 
conditions Dr Catharine MacFarlane, of Philadelphia, has given us 
the following data On a gynecologic seivice there of 400 women a 
year, 2 5 per cent, or 10, a year exhibit prolapse of the uterus Cervical 
polyp is encountered in about the same number, namely, 2 5 per cent 
The true incidence of the latter is higher, however, being observed 
in about 6 per cent of gynecologic patients, as some patients are 
treated in physicians’ examining rooms, without admission to a hospital 
Inasmuch as not all women are gynecologic patients, these figures do 
not gn’^e the incidence of these conditions m women in general The 
presence of two such conditions as cervical polyp and lax vaginal walls 
in two sisters with presumably the same inheritance would be expected 
if each condition had a definite genetic basis but would be found rela- 
tively seldom in two sisters if the two conditions were dependent wholly 
on extraneous factors Both probably have a genetic basis, modifiable 
perhaps to greater or lesser degree by extrinsic causes 

There has been no other report in the literature, as far as we 
have been able to ascertain, of polypoid growth on the cervix in twins 
One case of prolapse of the uterus, grade 3, and cystocele, grade 2, 
in both of identical twin sisters has been reported by Hines and Piper 
of the Mayo Clinic 

SUMMARY 

Cervical polyps, benign in character, were found m twin sisters who 
were presumably of the one ovum type They occurred at approximately 
the same age m both patients Both had lax vaginal walls, resulting 
in prolapsed uterus in one twin and in cystocele and rectocele in the 
other In one twin a tumor has developed in the breast , there is as yet 
no sign of tumor of the breast m the second twin 

1 Hines, E A, Jr, and Piper, M C Proc Staff Meet, Mayo Clin 12 815, 
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FETAL PERICARDITIS 


R W Keller, MD, St Louis 

That fetal peiicarditis is lare is shown by a review of the lather 
extensive literature regarding fetal infections Instances of fetal endo- 
carditis aie common, and the possible association with the production 
of congenital heart disease has been frequently discussed Only 1 case 
of fetal pericarditis has been found recoided in the literature This was 
reported by Job, Levy and Morlot ^ 

In this instance the infant was born at term, after a normal pregnancy The 
labor was normal Onlj after great difficiiltv were respirations initiated, and 
the infant remained C 3 'anotic till death, which occurred four hours after delivery 
At autopsy the pericardial sac contained a serofibrinous exudate and the epicardial 
surface of the heart showed small opaque plaques The subpencardial tissues 
were edematous In addition, there was acute fibrinous endocarditis, with verrucous 
vegetations on the mitral and tricuspid calves The Wassermann reaction of the 
mother’s blood was negative There is no report of cultures taken or of micro- 
scopic studies This infant had large areas of desquamation on the palms and soles, 
which led the authors to suspect S 3 'phihs as the etiologic agent 

The case to be lepoited here is the first instance of fetal pericarditis 
in approximately 7,000 autopsies peifoimed by this department 

REPORT OF A CASE 

A 33 3 'ear old colored woman, married was first seen in October 1924 At 
that time the Wassermann reaction was positue and she received one course of 
treatment with a preparation of bismuth and with arsenicals In August 1935 
she was given a “rest,” after which she did not return for further antisyphihtic 
treatment All Wassermann and Kahn tests subsequent to the first one, including 
those made on May 27, 1935, were negative On Sept 17, 1935, she sought treat- 
ment for a profuse vaginal discharge, the result of chronic endocervicitis, which 
had been present for two or three ■\ears She was treated b 3 ^ potassium per- 
manganate douches and given pyndium by mouth On May 20, 1936, a diagnosis 
of pregnancy was made, the expected date of confinement being December 20 On 
May 27 a gonococcic complement fixation test was returned as being 4 plus 
No cultures of the cervical discharge w'ere made In July the patient complained 
of profuse vaginal discharge and of considerable pain on urination On August 30 
at the St Louis Maternity Hospital she was delivered, by full breech presentation, 
of a stillborn girl The piierperium was reported as being uneventful The 
placenta was reported as premature No mention of placentitis was made 

The father of the stillborn infant was treated n September 1930 and again m 
October 1935 for gonorrhea He gave a history on these admissions of repeated 
attacks of anterior urethiitis over a number of years 

From the Department of Patholog 3 ’-, Washington Universit 3 School of 
l^Iedicme 

1 Job, Lev 3 " and Morlot Bull Soc d’obst et de gviiec 16 171, 1927 
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Neciopsy — The body was that of a stillborn Negro girl It weighed 500 Gm 
and measured 27 cm m length The skin showed moaerate maceration There 
was no apparent inflammation ot the conjunctivae, nor was there any other external 
evidence of mtection All the serous lined cavities contained duty brown fluid, 
the product of earl} autolytic changes The pleural and peritoneal surfaces were 
discolored but smooth and free from exudate The visceral and the parietal 
pericardium were thickened and adherent When these were pulled apait there 
was disclosed behveen them a sticky, adhesive exudate The heart weighed 11 
Gm and showed no abnormalities of dev'elopment The endocardium showed no 
gross lesions The lungs were unexpanded The abdominal viscera showed no 
gross abnormalities 

On microscopic examination the visceral and parietal pericardial surfaces were 
found covered with a thick la}er of granulation tissue This tissue was densely 
infiltrated by cells, most of them polymorphonucleai leukocytes Between the 
thickened visceral and parietal pericardium was a thick exudate It was formed 
of fibrin, large numbers of polymorphonuclear leukocytes and a few red cells ard 
lymphocytes In the outer layers of the myocardium the small capillary vessels 
were dilated There was no inflammation of the endocardium 

The only other organs showing abnormal microscopic changes were the stomach 
and duodenum In the lumen of these organs there was an exudate composed of 
desquamated epithelial cells, mucus and numbeis of polymorphonuclear leukocytes 
The mucosal lining was intact The small capillaries of the submucosa were 
congested, and this layer of the wall was infiltrated with lymphocytes The 
subserosal connective tissue was thickened and edematous It was infiltrated by 
lymphocytes and mononuclear cells In the thickened connective tissue were 
numerous large, dilated lymphatics, which contained masses of polymorphonucleai 
leukocytes 

Gram stains (Goodpasture-MacCalium method) of sections of pericardium 
and stomach w'ere made, but no bacteria could be demonstrated Acid-fast and 
Levaditi stains were made, but careful search failed to reveal any acid-fast bacilli 
or spirochetes The microscopic study of the tissue failed to show anv evidences 
of syphilis No cultures were taken 

COMMENT 

This was a case of organizing purulent peiicaiditis occuinng in a 
stillborn Negro girl of approximately twenty-two weeks’ gestation The 
only other finding of note was the thickening and inflammatory infiltia- 
tion of the subpeiitoneal connectn^e tissue plus the presence in the cavity 
of the stomach and of the duodenum of acute inflammatory cells The 
etiologic agent m the production of this acute inflammation cannot be 
demonstiated Of paittcular interest is the positive history of gonoirhea 
in both mother and fathei 

The mothei had endocervicitis with a pi of use vaginal discharge 
during hei piegnancy She had a 4 plus complement fixation reaction 
to the gonococcus Bacterial organisms could not be demonstrated m 
the fetal tissue even in the aieas of acute inflammation The possibility 
of connecting the fetal inflammation with the chronic gonorrheal infec- 
tion in the mother is almost inescapable The mode of such an infection 
is not clear The placenta w^as not reported as offering any evidence of 
inflammation, nor w^as the amniotic fluid apparently abnormal We 
found how^evei, acute inflammatoiy cells in the stomach and duodenum 
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and thickening and inflammatory infiltration of the subperitoneal tissues 
In these thickened tissues were dilated lymphatics filled with poly- 
morphonuclear leukocytes A possible supposition is that the amniotic 
fluid was infected (perhaps by direct extension through the membrane, 
from the cervical canal) and that this infected fluid was swallowed, the 
fetal infection resulting from absorption of organisms from the gastro- 
intestinal tract The most prominent localization of the infection was 
in the pericardial sac, as evidenced b} the acute purulent pericarditis 

Although the question of fetal septicemia has received considerable 
study, little has been reported regarding gonococcic fetal infections In 
reports on large series of fetal deaths one does not find the gonococcus 
mentioned as an etiologic agent Slobozianu and Herscovici ‘ i eviewed 
the literature on gonococcic fetal infections and from it collected 5 cases 
of gonococcic arthritis in the newboin, to which they added 3 cases of 
then own In most of these cases the mother had active gonorrheal 
arthritis during piegnancy In several of the cases cited arthritis did 
not appear m the infant until several days after delnery The authors 
concluded that since there was no ophthalmia oi similar evidence of 
external infection, the arthritis in these infants was merely the result 
of an infection contracted during fetal life The} expressed the belief 
that although the mother may not gue evidence of hawng active 
septicemia during pregnanc}, transient phases may occur dm mg which 
organisms penetrate the placenta and entei the fetal ciiculation 

SUMMARY 

Organizing purulent pericarditis m a stillborn Negro gnl of 22 
weeks’ gestation is reported In viCAr of the positive history of gonor- 
rhea in the mother and father, it is suggested that the fetal inflammation 
may have been of gonococcic origin 


2 Slobozianu, H , and Hersco\ ici, P 


Gjnec et obst 28 601, 1933 



Obituaries 


ALFRED STENGEL, M D 
1868-1939 

Alfred Stengel, M D , D Sc , LL D (Lafa)fette and Pennsylvania), 
died April 10, 1939, in the seventy-first yeai of his life 

Dr Stengel was born in Pittsburgh on Nov 3, 1868 He received 
the degree of Doctor of Medicine at the University of Pennsylvania 
on May 1, 1889, after which he served as intern at the Philadelphia 
General Hospital until Nov 1, 1890, the last thiee months of the time 
being an extia ser-vice m the division of internal medicine The following 
year he began his career at the University of Pennsylvania m the 
divisions of embryology and patholog)' and then became assistant to Dr 
William Pepper and clinical clerk to him This appointment was suc- 
ceeded by that of instructor in clinical medicine, which position he held 
until 1899, he then became professor of clinical medicine, a grade that 
he held until 1911, when he became a full professor of medicine He 
retired from this role m 1937, after a seivice of twenty-six years, to 
devote his major tune to the duties of vice president in charge of 
medical affairs in the cabinet of the president of the university, 
Thomas S Gates This position, established m 1931, was the first 
of Its kind, a part of the new system originated by Mr Gates 
During the eight years of his devotion to the duties of this office. 
Dr Stengel was most active in broadening the relationships of 
the various schools that touch on biology and was able to associate 
closely the schools of medicine, veterinary medicine and biolog}'- and 
the Wistar Institute The graduate school of medicine, already started, 
but with Its greatest activity at a distance from the university, was by 
Dr Stengel brought nearer physically and more closely affiliated with 
the splendid teaching facilities of the parent institution In 1937 he 
was selected by the state of Pennsylvania to be the manager of the 
school of animal pathology at the university, which operates with the 
aforementioned divisions in collaboration with the state 

While Dr Stengel’s life was devoted in a very large part to the 
University of Pennsylvania, he held many other positions not directly 
connected with the university — positions which helped especially in the 
early education of the man in his chosen field His earl}'^ interest in 
pathology, which will be indicated by a later consideration of the 
literature which he produced is shown by his close connection with 
the Philadelphia Pathological Societ}' for man} years, from 1891, and 
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the fact that in 1893 he was elected pathologist to the German Hospital, 
now the Lankenau, a post which he kept until 1897 

In 1895 Dr Stengel was appointed assistant director and in 1898 
full director of the William Pepper Laboratory of Clinical Medicine, 
a position which he retained until 1911 He was physician to the 
Pennsyhania Hospital from 1900 until he retired from active duty, 
becoming consulting physician in 1925 He was professor of medicine 
at the Womens’ Medical College for two years, from 1896 to 1898, 
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ALFRED STENGEL, MD 
1868-1939 

and chief in medicine at the Howard Hospital from 1895 to 1897 He 
was also consulting physician to several other hospitals He was a 
member of the American Philosophical Society from 1901 until his 
death The Philadelphia College of Physicians elected Dr Stengel as 
vice president in 1931, and from 1934 to 1936, inclusive, he served as 
president 

Notable, particularly in the last twenty years of his life, is the 
number of national committees, such as the National Research Council, 
on which he was minted to serve He was piesident of the American 
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College of Physicians in 1925, 1926 and 1927, and he was on the 
board for the reconstruction of its constitution He was on the board 
of the Wistar Institute and became its president in 1937, succeeding 
Effingham B Morris There can be added to this formidable list of 
services rendered by Dr Stengel a considerable number of less 
conspicuous connections, but those mentioned serve to illustrate how 
often he was sought and how broad were his interests, how energetic 
his services and how capable his judgment 

As one begins to consider his professional life, one is struck by 
the fact that befoie his graduation, in 1889, and therefore before there 
was practically any literary activity by students, he wrote a paper on 
albuminuria, and during his internship at the Philadelphia General 
Hospital he wrote three more The first three were for students and 
interns, while the last, on acute dysentery and Amoeba coh, was pub- 
lished m the Medical News of November 1890 

There is a strong suggestion, however, that Di Stengel had an early 
active interest in pediatrics, since he served, beginning in 1896, for 
three years as physician to the Childrens’ Hospital Some of his 
writings, particularly in Starr’s “System of the Diseases of Children,” 
indicate this inclination 

Dr Stengel’s interest in pathology probably was started and 
strengthened by his association with Juan Guiteras and Allen J Smith 
He wrote the notes for publication on Guiteras’ lectures in 1891 From 
then on appeared a series of articles on the blood, nephritis and diseases 
of the heart and lungs and many reviews that indicated the pathologic 
analysis to which he subjected all his reading He participated actively 
with Dr William Pepper in the preparation of the latter’s “System of 
Medicine ” In 1898 he issued a “Textbook of Pathology” that ran into 
eight editions In the preparation of the last three of these I had the 
privilege to be associated with him In 1901 he assumed the American 
editorship of “Nothnagel’s System of Medicine,” which came out in 
twelve volumes The literary contributions of Dr Stengel ran to 179 
accepted and published titles, of which only 10 were not strictly medical 
Dr Stengel was on the editorial board of the Archives of Pathology 
from the start of its publication 

Dr Stengel’s development seems to have been coincident with the 
early changes of the influence of organic pathology in eradicating 
empiricism from the leading medical minds of this country The 
teachings of Virchow, Cohnheim, Claude Bernard and others were 
reaching this country with great force Morbid anatomy was started 
in this country one hundred years ago by Horner and continued in 
1839 by Samuel Gross, both surgeons It was not until 1885 that 
Delafield piesented a separate and systematic stud) of pathology 
However, with William Pepper, Flint and others of the American 
school there came a demand that patholog)' be thought of first in the 
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conception of human illness, and under this influence, in the yeais 
between his graduation and 1898, Dr Stengel pressed himself through 
a discipline that led up to the publication of his book on the subject 
Previous books offered cases in exemplification oi discussed abstractly 
the possibilities of cause and effect of the morbid change Dr Stengel 
pictured the etiologic factors, the objective findings and the possible 
effects in a mannei that foiced the leader to associate the anatomic 
and physiologic changes with the actual clinical status of the patient — 
the sj^stematic and paragiaphic method practiced by the German school 
This method continued to be evident throughout all his editions and 
indeed was shown in his teaching He was not in speaking or writing 
discursive, but he followed a line of stern logical historj , without 
dogmatism or didactics, building up a stiucture and then asking vhy 
and how the morbid processes were responsible and what they would 
mean for the future He taught with strict objectivism, never losing 
the reasoning that was based on facts He was not an abstract research 
worker, but he used his earl}’’ knowledge of embryolog}’’ and anatomy, 
foi which he had a marvelous memory, and kept so abreast of modem 
physiolog}’ and chemistiy that he had no difficulty in maintaining a 
constant balance in his dealing with a clinical problem It is especially 
interesting that he could place the safest value on the details that made 
up the whole He never lost sight of the voods for the trees, but a 
better judge of an oak never lived 

Between the early formative period and 1931, when he became vice 
president of the univeisity, his major time was gnen to the practice 
of internal medicine and to his students These men became better men 


because Di Stengel taught them to be self critical 

Personally, Dr Stengel was of medium height or slightly less, active 
and definite in action, without loss of motion, of an aleitness that showed 
itself more in his mind than m his body Though his thought was 
rapid, measurement and balance were never absent Di Stengel’s 
accessibility to all who had a worthy subject was amazing He lefused 
no one, and his advice, based on a broad experience of human activity, 
was always at the disposal of the worthy visitor His psychologic 
understanding seemed to extend everywheie He employed it with 
amazing skill in the handling of patients, and the medical world knows 
that this is necessary to a great practitioner And Dr Stengel was a 
great doctor of the sick To what degree this may have been due to 
his personality, he gave credit to pathology He said once to me that 
he hoped no man would ever treat him for pneumonia who had never 
held a pneumonic lung in his hand 

The world at large, and most deeply those who knew him, grieve 
at the loss of a man who, although he had reached the usual promise 
of three score and ten, appeared to have at least a decade of joy for his 


friends and of value to society 


Herbert Fox 



Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
Etc — The portiait of H G Wells painted by Wayman Adams was presented by 
friends of the pathologist to the University of Chicago on June 23 The portrait 
will hang in the lecture room of the department of pathology 

Honorary degrees have been conferred by Yale University on Hans Zinsser 
and E W Goodpasture Dr Zinsser has received an honorarv degree from 
Harvard University, also 

Maurice Biodie, National Research Council fellow in medicine 1933-1934, 
assistant director of laboratories in Providence Hospital, Detroit, died on May 9, 
1939, aged 35 years 

Anna Fuller Prize — The first award of this prize goes to E L Kennaway, 
J W Cook and three other scientists at the Research Institute of the Royal 
Cancer Hospital of London, who will share §7,500 equallv for their work on the 
cancerigemc hydrocarbons of coal tar 

Changes in Officers and in Board of Managers of Wistar Institute — 
The Wistar Institute of Anatomy and Biology, Philadelphia, announces the election 
of Esmond R Long as president of the board of managers and of Alfred N 
Richards and William H DuBarry as members of the Board Edmond J Fains 
has been appointed executive director of the institute 

Society News — The following officers were elected at the annual meeting of 
the American Society of Clinical Pathologists in St Louis piesident-elect, A V 
St George, vice president, C L Klenk, and secretary-treasurer, A S Giordano 

Finney-Howell Research Foundation — Eight fellowships for cancer 
research have been renewed and six new fellowships have been awarded , also two 
grants-in-aid Applications for 1940 awards must be received before January 1 
next, addressed to the secretary. Dr William A Fisher, 1211 Cathedral Street, 
Baltimore 

Medical Examiner for Maryland — In Mar\land a law has been enacted, 
in accordance with which the coroner system will be replaced by the medical 
examiner system It provides for a chief medical examiner and two assistants 
for the city and county of Baltimore, all on a full time, salaried basis In each 
outlying county there will be a deputy examiner, whose duty it will be to make 
the preliminary medical investigation If further in\ estigation is necessarj, such 
as postmortem or toxicologic examination, it is to be made by the medical exam- 
iner of Baltimore and the cost charged against the county for which the work is 
done All appointments are to be made by a nonpaid, nonpolitical commission 
composed of the professor of pathology of the Johns Hopkins Unlverslt^, the 
piofessor of pathology of the University of Maryland, the city health commis- 
sioner of Baltimore, the state health commissioner and the state attornev general 
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Abstracts from Current Literature 

To Save Space the Original Titles or Abstracted Articles Sometimes 

Are SHORTE^ED 


Experimental Pathology and Pathologic Physiology 

Viability in “Devascularized” Lvmph Nodes R L Holman and E B Seif, 
Am J Path 14 463, 1938 

Popliteal lymph nodes of dogs when leplaced in the popliteal space after com- 
plete severance of all vascular and lymphatic connections rapidlj^ undergo massi\e 
necrosis These nodes usually become infected and maj slough out When, how- 
ever, all vascular connections are se%cred but one or moie afferent and one or 
moie efferent lymphatic channels leniain intact, infection does not ensue, and the 
nodes remain viable Chemical analyses of hmph flowing to and from these 
“devascularized” nodes show a shaip drop in reducing substance, bound carbon 
dioxide and carbon dioxide-combining power in the lymph during its passage 
through the node, and indicate that anaerobic glycoh sis is one of the metabolic 
processes taking place in the viable node These observations imply a nutritue 
function on the part of Ivmph which, so far as the authors have determined, has 
not been demonstrated in mvo in mammals From Authors’ Summarv 

Renal Function as Affected by an Experimental Lesion of Onf Kidney 
T F Nicholson, R W I Urquhart and D L Selby, J Exper Hed 
68 439, 1938 

A method is described for the production of nephiosis in one kidney of an 
experimental animal The normal kidney in the same animal is available as a 
control The nephiosis, produced by injecting 7 5 per cent sodium tartrate, is 
limited to the proximal convoluted tubule There is no histologic evidence of 
glomerular damage The tubular damage results in a disturbance of the excretion 
of Yvatei and chloride as ivell as in a decrease in the clearance of urea, xylose, 
inulin, creatinine and phenol red, and is observed under conditions of no diuresis, 
sugar diuresis and salt diuresis In the cells of the proximal tubule of the damaged 
kidnej^ one finds excreted ferrocyanide This substance is not present in the 
corresponding cells of the normal kidnev This observation is taken to be evidence 
that there has been back diffusion of fenocyanide through the damaged cells 
The decrease in clearance of creatinine and inulin, which in the dog represent 
glomerular filtrate, may therefore be explained by back diffusion and as not 
necessarily due to glomerular change The cleaiance of phenol red from the 
damaged kidnev is diminished m relation to the clearance of inulin This is 
further evidence of depression in tubular activity 

From Authors’ Summary 

Hypophy'sectomy in the Rat A C Crooke and J R Gilmour, J Path &. 
Bact 47 525, 1938 

A series of 114 immature rats Yvere subjected to hypophysectomy and killed 
from two to one hundred and two days afterward Complete hvpophysectomv 
resulted in almost total arrest of increase of body weight and in conspicuous 
atrophy of the adienals and testicles and a very slight defect in the W'eight of the 
thyroid, these glandular changes being approximately maximal in fourteen, tw'entv- 
eight and seven days, respectivelj When hypophysectomy was incomplete, 
regeneration of the anterior lobe in some cases caused, in time, disappearance ot 
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these changes to a variable degiee Loss of body weight sometimes persisted for 
fourteen to twenty-eight days Abnormal obesity was associated with accidental 
injury penetrating the floor of the third ventricle in 5 rats but was absent from 
6 rats with apparently similar injuries One of these obese rats showed, like the 
others, changes m the adrenals, testicles and thyroid similar to those in completely 
hypophysectomized animals although two relatively large remnants of the anterior 
lobe of the pituitary were found microscopically These remnants were abnormal 
in showing complete absence of chromophil cells After complete hypophysectomy 
microscopic examination showed in the testicles reduction of spermatocytes by 
fatty degeneration and necrosis, cessation of spermatogenesis, proliferation of basal 
cells and reduction in the number and size of interstitial cells In the adrenals 
the cells of the inner layer of the cortex, particularly of its inner part, were greatly 
reduced in number by degeneration, partly fatty, and by necrosis , lymphocytic 
infiltration and pigmentation were slightly increased in the inner part of the inner 
cortical layer , lipoid was diminished in the inner cortical layer In the thyroid 
the signs of active normal secretion and excretion were replaced by those of 
colloid storage The degree of these glandular changes at different intervals after 
operation is described From Authors’ Summar\ 

Changes in the Adrenals in Experimental H\PERTHyROiDisM G Haban, 

Beitr z path Anat u z allg Path 101 45, 1938 

Thyroxin was administered to rabbits, cats and guinea pigs over a period of 
several months The result was a marked increase in the size and weight of the 
adrenals The increase was most pronounced in the cortex, particularly in the 
zona fasciculata, where an accumulation of hpoids, especially of the anisotropic 
type, was found It remains to determine whether the enlargement of the adrenals 
IS the result of hyperthyroidism j Lebowich 


Pathologic Anatomy 

Vascularization of Atherosclerotic Lesions T Leary, Am Heart J 16 549, 
1938 

It must be concluded that the normal intima is not vascularized, and that 
blood vessels are found in the intima only m connection with vascular lesions m 
which repair has taken place Since the vessels arise as the result of repair 
processes, i e, since the lesions are advanced atheiosclerotic lesions, the hemor- 
rhages from such vessels must be late phenomena and therefore are not of etiologic 
importance Cholesterol found m atherosclerotic lesions is transported to the site 
in macrophages or as free or ester cholesterol m the blood , it does not arise locally 
except, perhaps, in small amounts The laws of nutrition and growth still hold 
m atherosclerotic lesions From Author’s Summary 

Subacute and Chronic Gi omlrulonephritis E T Bell, Am J Path 14 691, 
1938 

Bell studied 181 cases of glomerulonephritis, the condition in 16 was classified 
as subacute, m 8 as latent chronic, in 117 as chronic azotemic and in 40 as chronic 
hydropic In subacute glomerulonephritis the kidneys are not conti acted There 
IS widespread severe glomerular obstruction with well advanced uniform tubular 
atrophy There are few hyaline glomeruli Altogether, 124 cases of chronic 
azotemic glomerulonephiitis were included Eight cases of latent chronic glomeru- 
lonephritis are described, in w'hich death was due to mtercurrent disease Only 
1 such case has been reported previouslv In such cases there are only a few 
hvaline glomeruli, and there is little or no tubular atrophy The glomeruli are 
all damaged to some degree, their lobules showung hvaline central portions and 
peripheral capillaries Thirty cases of chronic azotemic glomerulonephritis are 
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leported m which theie was a history of an initial acute attack The total duration 
varied from one and a half years to twfent>-siv jcars, wnth an a\erage duration 
of ten >ears In 15 of the 30 cases the acute attack w'as followed by a latent 
chronic stage, varying from one yeai to twent 3 -four and a half 3 'ears in length, 
in the remaining 15 cases the acute state passed directly into active chronic 
nephritis In 30 per cent of the cases the s 3 'Stohc blood pressure was 200 mm 
of mercury or higher There was some degree of chronic passive congestion of 
the liver in nearl 3 one half of the cases, indicating some degree of heart failure, 
but there was no evidence that heart failure was ever more than a contributing 
cause of death, since all the patients had uremia Heart failure may occasionall 3 
have been a contributory cause of edema Only a single patient had a history ot 
apoplex 3 '^ Onlv a single patient had an attack of coronar 3 ’- sclerosis Retinitis 
was found in 35 of 46 patients whose e 3 egrounds were examined There is a 
definite relation between high blood pressure and retinitis There is no relation 
between the weight of the kidne 3 's and the duration of the disease or the height 
of the recorded blood pressure The kidne 3 s were occasionally of normal size or 
ev'^en enlarged in the terminal stages Large kidne 3 S contained a high proportion 
of injured glomeiuh with moderateb'^ atrophic tubules, while small kidne 3 s con- 
sisted largely of Iwahne glomeiuh with extremely atrophic tubules Forty cases 
of h 3 'dropic glomerulonephritis (lipoid nephrosis) are reported In 6 of these the 
glomerular structure was that of chronic proliferative glomerulonephritis, in 
9 others there was a mixture of proliferative glomerulonephritis, and in 9 others 
there was a mixture of proliferative and membranous glomerular lesions, with the 
latter in great preponderance In the remaining 25 cases there were no prolifera- 
tive lesions In 6 cases in which young children were concerned there were no 
visible changes in the glomerular capillaries, and in 3 other cases involving 
children there were only focal membranous lesions With 1 exception, diffuse 
thickening of the basement membranes was present in all persons over 12 3 ears 
of age In 4 cases membranous glomerulitis produced such extensive narrow'ing 
of the glomerular capillaries that uremia developed When a patient with pure 
lipoid nephrosis acquires hypertension and uremia, no new disease is superimposed 
— there is mereb'' progressive thickening of the basement membranes Nephrosis 
is a form of glomerulonephritis in which the glomerular capillaries remain open 
and allow the blood proteins to escape into the mine In proliferative glomerulo- 
nephritis the capinar 3 ’^ lesions are nearb' alw'a 3 s obstructive m t 3 'pe 

From Authors Summary 

Acute Hematogenous Interstitial Nephritis P Kimmelstiel, Am J Path 
14 737, 1938 

Six cases of acute hematogenous interstitial nephritis are presented, in all of 
which there was more or less marked isosthenuric oliguiia or anuria, w'lth a rise 
of nonprotein nitrogen in the blood Twelve other cases of interstitial nephritis, 
in all of which the condition was found incidentally at autops 3 % are included The 
morphologic chai acteristics of this lesion are described It is emphasized that 
even in the early stage the interstitial exudate contains plasma cells, lymphoc 3 Tes, 
eosinophils and monocytes in addition to pob'^morphonuclear leukocytes A dis- 
tinction between focal and diffuse interstitial nephritis should not be made The 
conditions causing interstitial nephritis are listed In addition to the infectious 
diseases and septicemia, it is found to follow conditions associated with hemolysis, 
in particular transfusions of incompatible blood It is also found in the hepato- 
renal syndrome associated with infectious and noninfectious injuries of the liv^er 
The correlation of functional disturbances with interstitial nephritis is discussed 
It IS concluded that the anuria does not lesult from renal edema by pressure on 
the tubular apparatus, neither is it caused by blockage of tubules if associated 
with hemoglobinuria General or local renal circulatorv'' disturbances are held to 
be the most likelv^ cause of oliguria and of lack of pow'er of concentration Heina- 
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togenous interstitial nephritis is regarded as an allergic hyperergic leaction to 
foreign proteins or protein split products coincidental rather than causatively con- 
nected with hyposthenuric oliguria and anuric uremia 

From Author’s SujMMAry 


The Silicotic Nodule J Walsh, Am Rev Tuberc 38 363, 1938 

Anthracosihcotic dust within the tissues of the lung is always found in cells 
pntil after necrosis sets in These cells are carried in lymph channels to intra- 
pulmonary and hilar nodes The pulmonary fibroanthracosihcotic nodule begins 
with thickening of the interstitial tissue around lymphatics, development of fibrous 
tissue in alveolar walls and destruction of the elastica, which allows the alveoli 
to collapse The typical single nodule is smaller than a millet seed and is made 
up principally of collapsed and coalesced alveolar walls Later occur hyahmzation 
and necrosis, beginning in the interior A large nodule is always conglomerate 
and IS made up of the coalescence of innumerable small ones The silicotic nodules 
in lymph nodes are also described and differentiated from the pulmonary nodules 

H J CORPER 

Changes in the Liver in Chronic Passive Congestion E W Boland and 
F A WiLLius, Arch Int Med 62 723, 1938 

The usual histologic picture of the liver in prolonged or lecuirent congestive 
heart failure is that of atrophy or necrosis or both at the centers of lobules Con- 
densation of reticulum and thickening may or may not be present The presence 
of condensation of reticulum alone does not warrant the use of the term “cardiac 
cirrhosis ’’ True cirrhosis does develop in the course of congestive heart failure, 
but it does so rarely No definite criteria were elicited from this study wherebi 
the development or the presence of cardiac cirrhosis can be recognized clinically 

From Authors’ Summari 

Biopsy Studies of Cerebral Changes in Schizophrenia and Manic Depres- 
sive Psychosis A R Elvidge and G E Reed, Aich Neurol & Psychiat 
40 227, 1938 

Elvidge and Reed investigated, with one of Hortega’s silver staining methods, 
the oligodendroglia in pieces of brain removed during life from patients with 
schizophrenia, manic depressive psychosis and so-called to\ic encephalitis Two 
types of swollen oligodendroglia cells were observed One type contained a 
nucleus of normal size, in the other type the nucleus was shrunken, pyknotic and 
vacuolated, and the cytoplasm was increased The swelling of the oligodendroglia 
cells remained for a long time, as repetition of biopsies at the end of one or two 
years showed , i e , there may be acute and chronic processes present 

G B Hassin 

Herniation of the Brain Not Heretofore Described I Finkei man, Arch 
Neurol & Psjchiat 40 803, 1938 

Finkelman describes two forms of herniation of the brain not hitherto described 
m association with tumor or abscess, aneurysm, subdural hematoma and other 
intracerebral lesions In one form, which occurred in 80 per cent of the cases of 
tumor of the frontal lobe, there was bulging of the frontal lobe over the sphenoid 
iidge and pressure on the tip of the temporal lobe, often on the side opposite the 
site of the tumor Occasionally it was bilateral and was associated wnth hydro- 
cephalus and papilledema The other form of herniation concerned the gjrus 
rectus The posterior part of this gimus w'as herniated o\er the edge of the 
limbus sphenoidahs, compressed the optic nerve and was practically always asso- 
ciated with choked disk p r> 
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Human Ellippic Red Corpuscles A L Fiorman and M M Wintrobe, Bull 
Johns Hopkins Hosp 63 209, 1938 

The term “elliptic erythrocyte trait” is defined Eleven instances of the tiait 
in three families are recorded A study has been made of the occurrence of these 
cells in the absence of the hereditary trait In 89 per cent of a series of 62 non- 

anemic persons, between 1 and 15 per cent of the cells were elliptic In a series 

of 100 consecutive patients with anemia, 98 per cent showed many of these cells, 
and m 12 per cent of these more than 25 per cent of the cells were found elliptic 
Elliptic cells have been found to be more commonly associated with macrocytic 
than with other types of anemia In cases of macrocytic anemia these cells 
seemed to become somewhat more common as the anemia became more severe, 
but a well defined correlation could not be demonstrated The anomalous shape 
seems to be a property of the cells This shape is characteiistic of the mature 
rather than of the immature red corpuscles of this type 

From Authors’ SuMjrARV 

Infarction of Bones in Caisson Disease S C Kahlstrom, C C Burton 

and D B Phemister, Surg , Gynec & Obst 68 129, 1939 

Although destruction of joints and bones has been recognized as one of the 
manifestations of caisson disease since 1911, the lesions have ne\ei been described 
pathologically In the 4 cases now reported the condition was of long standing, 
and there was evidence of multiple infarction of long bones In 1 case the 
diagnosis was confirmed by autopsy and in another by biopsy When the necrotic 
bone was situated m the epiphyses and bordered on joints, varying amounts of 
collapse of the weight-bearing portions, invasion and replacement by new bone 
and calcification of nonsubstituted portions were noted Articular cartilage over- 
lying affected areas was replaced by fibrocartilage, and moie or less extensive 
arthritis deformans was established Collapse did not occur when the necrotic 
bone was situated in the diaphyses or in the epiphyses away fiom the articular 
surfaces ' On the other hand, there was evidence of some invasion and replacement 
by new bone and probably complete replacement of some of the smaller foci 

Uncertainty prevails as to whether the necrosis was pioduced by nitrogen gas 
obstruction of end arteries or by direct pressure on blood vessels and other tissues 
after liberation of nitrogen from solution m the fat of the bone marrow or in some 
other unexplained way The facts that long bones, which are rich in fatty marrow, 
were the only ones involved, that fat absorbs relatively large amounts of nitrogen 
and that nitrogen bubbles would be absorbed slowly from the marrow favor the 
view of direct piessure of the gas on vessels and other tissues within the bone 
On the other hand, the extensive involvement of the diaphyses in some cases with- 
out lesions in the epiphyses, especially of the head of the femur, without invmlve- 
ment of the diaphyses or without continuity of affected regions in epiphj^sis and 
diaphysis are points in favor of embolism by nitrogen gas or some other form of 
intravascular obstruction Experimental air embolism of the lower limbs of dogs 
failed to produce bone necrosis 

From Authors’ Summary (Warrfn C Huxter) 

Epituberculosis R H Fish and W Pagel, J Path & Bact 47 593, 1938 

A survey of the literature on “epituberculosis” is made, and the observations 
at necropsy in 3 new cases are recorded The process appears to be related to a 
primarj caseous pulmonary focus but mav also be observed in postprimarj'' tuber- 
culosis of adults It is concluded that in cases m which a condition has been 
clinically diagnosed as “epituberculosis” a noncaseatmg tuberculous tissue reaction 
may be found and may be regarded as the normal response of tuberculoallergic 
lung tissue to contact with material containing tuberculous protein but few live 
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tubercle bacilli This tj'pe of lesion should be distinguished from collapse due to 
external bronchial compression, which may give rise to a compaiable clinical 
picture However, mixed cases are common From Authors’ Summarv 

The Thvroid Gland of the Cretin at Birth J Eugstcr, Beitr z path Anat 
u z allg Path 100 392, 1938 

Prompted bj" the almost complete absence of knowledge of the anatomic state 
of the thyroid gland of the cretin at birth, Eugster investigated 4 such glands 
The findings were not uniform, 2 showing a pronounced diffuse parenchymatous 
struma, and a third distinct atrophy and sclerosis In the fourth there was a 
slight, probablv goitrous enlargement The difficulty of establishing a clinical 
diagnosis of cretinism at birth is discussed in the light of the pathologic changes 

R J Lebowich 


Microbiology and Parasitology 

The Present Incidence of Trichinella Spiralis in Man as Determined b\ 
A Stud\ of One Thousand and Sixt\ Unselected Autopsies in St Louis 
Hospitals T B Pote, Am J M Sc 197 47, 1939 

Muscle tissues obtained at 1,060 autopsies were tnchmous to the extent of 15 4 
per cent There had been no symptoms suggesting trichinella infection In 95 per 
cent of the specimens the tnchmellas were dead, calcified and moie or less dis- 
integrated , in 5 per cent thev were demonstrated to be alive by feeding the infected 
material to rats and recovering live larvae Very heavy infections were to be 
observed in cases m which the host gave a history of having always enjoyed good 
health In a patient dying at the age of 84 as the result of an accident autopsy 
did not show that the infection had contributed to the cause of death 

In a series of 1,500 hog carcasses examined for trichinella, 0 8 per cent were 
found to be infected, an observation which gives rise to the question W'hethei man 
IS getting all of his trichinella infection from pork It may be concluded that 
man’s infection comes from pork derived from the small packing plants, which 
are not supervised by meat inspection services It is to be noted that the infections 
that sporadically occur are from pork from establishments not under federal 
inspection 

It can be definitely concluded that Trichinella spiralis infection of man is not 
a serious lethal factor m Missouri, since in 163 instances of infection it was not 
held to have been the cause of death or to have contributed to the cause of death 

Froai Author’s Summari 

Intoxication and Resistance to Infection K L Pickreil, Bull Johns 
Hopkins Hosp 63 238, 1938 

Alcoholic intoxication maintained at the point of stupor destroys resistance to 
pneumococcic infection in the rabbit Even animals rendered highly immune b\ 
intravenous injections of antipneumococcus serum were deprived of their immuniU 
The loss of resistance to the infection appears to be due to the fact that intoxica- 
tion profoundly inhibits the \ascular inflammatory response as long as it is 
maintained, and in the absence of capillar\ dilatation and emigration of the leuko- 
c^tes, leukocvtic margination at the site of infection is negligible, and the bacteria 
therefore proliferate uninterruptedly Similar experiments show that ether oi 
a\ertin anesthesia has as marked an inhibitory effect on the inflammaton response 
and produces as marked a loss of resistance to infection 

From Author’s Summart 
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Detection of the Virus of Poliomyelitis S D Kramer, B Hoskwith and 
L H Grossman, J Exper Med 69 49, 1939 

Five strains of the virus of poliomyelitis were recovered from nasal washings 
and feces Four strains were of human origin, the fifth strain came from a 
monkey put to death at the height of the disease Of the human strains, the 
first was isolated from the feces of a 14 year old child seven days after the onset 
of illness The second strain was from the nasal washings of a 6^4 year old 
child five dajs after the onset of illness One of these strains was obtained from 
nasopharjmgeal washings and the other from feces The single monkey strain was 
isolated from the upper intestinal segment, and this appears to be the only 

instance of isolation of a strain of this virus from such a source recorded m the 

literature The authors state that the detection of the virus in the nasal washings 
of 2 additional patients who were convalescent lends further support to the belief 
that the virus of pohomjelitis is spread b 3 ’ human contact Furthermore, the 
recovery of the virus from the gastrointestinal tract with as great or greater 
frequency than from the upper respiratory tract need not, it appears to these 

authors, alter the present concept of the mode of entrance of the "virus into the 

bodi% namely, by way of the upper respiratory' tract If the presence of the virus 
in the upper respiratory tract is conceded, the passage of nasal and oral secretions 
into the gastrointestinal tract by reflex swallowing would serve to explain the 
presence of the virus in this tract It might be further predicated that since 
the gastrointestinal tract functions as a temporarv reservoir for secretions from the 
upper respiratory tract, the intestine should, after a time, contain the virus in 
higher concentration than any single sample of secretion obtained from the upper 
respiratory tract by nasal washing Failures to detect the virus in the gastro- 
intestinal tract are perhaps more indicative of the inadequacy of the procedures 
for the detection of the virus than of the absence of the virus The recovery of 
the virus from the feces seven and nine days after the onset of illness takes on 
added significance It indicates first that the virus withstands the gastric acidity 
which under normal physiologic conditions tends to keep gastric contents rela- 
tively free from bacteria It further suggests that improper disposal of feces from 
patients with poliomyelitis may have serious consequences for public health, par- 
ticularlv in smaller communities, where the inadequate disposal of sewage may 
result in contamination of surrounding beaches or even local vv'ater systems 

From Authors’ Summary 

‘Studies in the Metabolisji of CocanioiDES Immitis (Stiles) R A Stewart 
and K F ]\Iever, J Infect Dis 63 196. 1938 

The resistance of Coccidioides to desiccation may' be an important factor in the 
dissemination of the organism in the dry, warm climate of the San Joaquin Valley, 
in California Under conditions of drying the chlamydospore is formed, and it 
IS apparently not possible to infect animals in the absence of this spore 

A synthetic medium has been devised which possesses selective properties of 
value in the isolation of Coccidioides from the soil and a vvide variety' of clinical 
materials 

The metabolism of Coccidioides immitis and Blastomyces dermatitidis did not 
present any' significant difference in either a protein-rich medium or a svnthetic 
medium 

Contrary' to the literature, dextrose is assimilated by' both Coccidioides and 
Blastomvces This throws doubt on the accuracy of the statements relativ'e to 
consumption of sugar based on changes in the pn of a medium Changes in the 
pH occur independently' of the consumption of dextrose and are to be explained 
bv variations in the consumption of other constituents m the medium 

The metabolism of C immitis and B dermatitidis differs from the metabolism 
of bacteria and certain protozoa m that the consumption of dextrose does not 
suppress the production of ammonia The assimilation of dextrose favors the pro- 
duction and the assimilation of ammonia 
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Fungi are biologic entities or individualists and are not always amenable to 
the principles established by bacteriologic procedures — they require their own 
type of medium The medium should be chemically defined whenever possible, 
so that morphologic and physiologic characteristics may be referred to an environ- 
ment that can be duplicated anywhere This type of medium offers the best 
“common denominator ’ for the correlation of results reported bv widely scattered 
investigators From Authors’ Summary 

Epidemic Influenza Virus T P Magill and F T Jun Brit J Exper 
Path 19 273 and 284, 1938 

Cross neutralization tests performed with 24 strains of influenza virus are 
reported, and the significance of the findings is discussed Although marked 
differences between some strains and striking similarities between others permits 
rough grouping, the characteristics of one group tend to merge into those of 
another The strains which most closely resemble one another are in general 
those from the same epidemic of influenza, but serologically different strains mav 
be recovered from the same epidemic The specific effect of a given serum can 
be demonstrated by its action in tissue cultures as well as by the usual mouse 
protection test So far as it has been possible to determine, the antigenic differ- 
ences between strains have not resulted from variations occurring in the course 
of animal passage or artificial cultivation It is suggested that the structure of 
the virus of epidemic influenza is a mosaic of antigens, numerous strains con- 
taining the same antigens arranged in such a waj that each strain or group 
of strains is characterized by its own peculiar antigenic pattern It is further 
suggested that all strains may not contain all the antigenic components of all 
other strains 

Cross immunity tests were carried out with 16 strains of epidemic influenza 
virus and 1 strain of swine influenza virus in actively immunized mice It was 
found that antigenic differences in strains such as those demonstrated by serologic 
tests in the preceding paper are reflected in a lack of cross immunity In general, 
strains obtained in the same >ear tend to be closely related immunologically, 
although individual differences exist While quantitative factors are undoubtedly 
involved in the problem of cross immunity between strains, qualitative diffeiences 
can be shown in strains of equal virulence The differences scarcelj seem to war- 
rant a designation of types, since most strains of human origin are closely related 
The importance of the serologic and immunologic differences between strains 
from the point of view of the problems of epidemiologj' and prophylaxis is 
discussed From Authors’ Summary 

The Structure of “Rough” and “Smooth” Colonifs K A Bisset, J Path 
&. Bact 47 223, 1938 

The structure of a morphologically rough colony of a bacillus is essentially 
similar to that of the medusa head colonj of the anthrax bacillus The bacilli he 
close together in threads The bacilli composing a smooth colon\ are all separate 
and show no characteristic arrangement Between these extremes are a number 
of intermediate forms These variations are paralleled by similar forms found 
among the streptococci The usually described SR variations appears to consist 
of tuo separate changes, one affecting the morphologic appearance of the indnidual 
organism, the other connected solelv with the nature of its surface material 
These maj occur separately, though a considerable degree of relationship appears 
to exist The structure of a colonj depends ultimately on phjsical factors and 
\aries mainly with the degree of attachment shown by the component organisms 

From Author’s Summ\r\ 
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SuRvi\AL OF Ricketisia Prowazeki LiCF J Starzyk Arch Inst Pasteur 
de Tunis 27 263, 1938 

Tj’^phus nckettsias were found to survive as long as siv dajs in human serum 
diluted 1 1 and maintained at 5 to 7 C , and a lesser period under other conditions, 
as tested b)' the percentage of lice infected Also when kept cold and dried 
under a vacuum the\ survived six daj's The results not only indicate a useful 
point in pieserving nckettsias for use in studies or in the production of vaccines 
or in shipping but mav have epidemiologic significance The survival of the hifec- 
tne agent in clothing and on premises for some dajs aftei the death of infected 
lice raises new questions with regard to dissemination and control of tiplius 

:M S Marshal 


Tumors 

Cancer in Rats Treated with Oestrom C S McEuex, Am J Cancer 34 
184, 1938 

Rats were treated for long peiiods with an estrogen (theelm, or estione), usuallj 
m conjunction with various forms of local irritation The occur leiice of tumors 
histologically diagnosed as malignant was found to be more frequent in these 
animals than m controls or in rats of the same colon}' subjected to other proce- 
dures, used for bleeding or set aside without treatment 

From Aothor’s SbMM\R\ 

Action of Colchicine on a Transplanted Malignant Neoplasm F J Lits, 
A Kirschbaum and L C Strong, Am J Cancer 34 196, 1938 

A malignant transplanted lymphoid tumoi was subjected to a subcutaneous 
injection of 0 025 mg of colchicine in 0 1 cc of distilled w'ater e\er} three days, 
each injection being made at seme distance from tlie tumor By this treatment the 
tumoi w'as caused to i egress, and the animals surrned fifty and one-half days 
after the implantation of the tumor, as compared w’ltli thirtv-one and one-half days 
for untreated controls (13 controls and 14 test animals) Histologic studies show'ed 
that the regression w'as due to repeated so-called “caryoclastic shocks’, the 
lymphoevtes of the tumor became pyknotic and died The reticular cell elements 
of the tumor w'ere most resistant to treatment by colchicine There weie also 
some foci of resistant lymphocytes Tumors w'iiich lecurred seemed to arise by 
proliferation of the reticular cells of the legressed grow'th Both the lymphoid and 
the reticular cells of the lymphosarcomatous giowth studied may be considered 
malignant A difference m susceptibilitv to colchicine exists betw'een normal and 
malignant lymphocjtes, the malignant cells being much moie susceptible Normal 
lymphocytes of the thymus are destroyed quite readily bv the drug, in contrast 
to the more resistant lymphocytes of the spleen and Ivmph nodes 

From Authors’ Summary 

Structural Development of Glioma H J Scherer Am J Cancer 34 333, 
1938 

A systematic study of the structuial evolution in 100 gliomas has been made 
by means of large pyroxylin (celloidin) sections taken in multiple planes and 
including the W'hole tumor with its surrounding tissue Glioma structures depend 
on the preexisting nerve structures (secondary structures) or on primary aichi- 
tectural properties inherent in the glioma cells (proper structures) The structure 
of a glioma mav be influenced, also, by connectue tissue w'hich invades the tumoi 
(tertiary structures) When the cells of the glioma are uniformly and evenly 
distributed, the structure is described as amorphous The following secondary 
structures ai e described perineural or neuronophagic growth, periv ascular growth, 
superficial growth, penfascicular, intrafascicular and interfibrillarv growth, and 
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elective growth in gray and white matter The proper structures are classified 
as canalicular, papillary, fascicular and s 3 'mplastic structures and ribbon and 
palisade formations The secondary structures play a much more important role 
in the architecture of most gliomas than do the proper structures In certain 
rare gliomas, having a strictly expansive type of growth (ependymomas), secondary 
structures do not develop Secondary structures do not always develop in the 
infiltrating gliomas, sometimes because of the extremely rapid destruction of the 
preexisting tissue (medulloblastomas, certain glioblastomas), but certain other 
infiltrating tumors remain amorphous in spite of the perfect conseivation of the 
preexisting tissue (typical astrocytomas) Three stages of structural evolution are 
encountered in the majority of gliomas Various secondary structures are formed 
first, followed by an amorphous arrangement and finally bv the various proper 
structures There are marked differences in the structural development of gliomas 
These variations must be considered as an expression of the fundamental biologic 
differences of the tumors themselves and must be taken into consideration in any 
future classification together with the localization, mode of extension and cellular 
appearance Gliomatous structures differ in the same tumor depending on the area 
invaded (different secondary structures) and on the age of the tumor (different 
stages of the structural evolution) Stable structures in gliomas are rather rare 
At present differences between gliomas in respect to structural evolution are unex- 
plained The etiologic explanation of the curious secondary structures is also 
unknown A review of the literature suggests that carcinomas also show differ- 
ences ot structural development in the sense that either proper structures or 
secondary structures may appear to predominate This suggests that there are 
broad and general laws which determine the morphologic evolution of all 
neoplasms From Author’s Summarv 

Anterior Pituitaries of Old Rats J M Wolfe, W R Bryan and A W 

Wright, Am J Cancer 34 352, 1938 

The anterior lobes of the pituitanes of old male and female rats over 18 months 
of age were studied and compared with those of younger animals In those from 
the old rats it was found that the levels of eosinophils were significantly lower and 
those of the chromophobes were significantlj' higher than the levels of the cor- 
lesponding cells m the younger animals No important difference was found in 
the levels of the granular basophils m young and old rats, but nongranular basophils 
were significantly more abundant in the j'ounger ones In one strain of rats the 
incidence of benign mammary fibroadenoma in the old females was quite high, while 
in the other two strains it was much lower In all three strains it was found that 
there was a tendency for the levels of the eosinophils to be lower m those rats 
bearing mammary tumors than in rats without tumors There was no difference 
in the levels of the granular basophils in the two groups, but the nongranular 
basophils were more abundant in rats without mammary tumors Chromophobes 
were generally more abundant m rats with mammary tumors It was found that 
adenomatous changes of the anterior lobe of the pituitary occur frequently in old 
rats, particularly in females Adenoma associated with marked hemorrhage and 
classified as hemorrhagic adenoma, chromophobe adenoma and an adenomatous 
nodule that was believed to be a forerunner of true adenoma are described All 
quantitative data were handled bv statistical methods 

From Authors’ Summarv 

Mode of Action of klETHVLCHOi anthrfne W R Earle and C Voegtlin, 
A.m J Cancer 34 373, 1938 

The action of methylcholanthrene has been studied on rat and mouse fibroblasts 
Under the usual cultural conditions methj Icholanthrene severely retarded the 
growth and caused degeneration of the cultures, the effect being roughly propor- 
tional to the concentration of the reagent and the time of exposure This action 
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was most accentuated with concentiations of 2 mg of crjstalline meth 3 dchoIaii- 
threne per cubic centimeter but was also demonstrated with concentrations as low 
as 0 0002 mg per cubic centimeter In a single extensive series of mouse fibroblasts 
studied 111 detail, in which wavelengths of light covering the absorption spectrum 
of meth 3 dcholanthrene down to 490 microns were eliminated, the same retardation 
of growth was observed as in the other series, but there was less cell degeneration 
The retardation of growth cannot be attributed to the action of an impuritv 
in meth 3 dcholanthrene One series of cultures was studied with 1,2, 5,6- 
dibenzanthracene While conditions w'ere not so carefull 3 r controlled as with the 
other series, the cultures show^ed a marked injurious action of this substance In 
no instance m the experiments reported w’as an 3 ' change observed in the cultures 
wdiich could be considered as causing the normal fibroblasts to assume a morpho- 
logic charactei similar to that of the cells which w'ere studied in growths arising 
as a consequence of the subcutaneous and intramuscular injection of methj^lchol- 
anthrene into rats In no instance w'as there noted anv stimulative action of either 
the dibenzanthracene or the methylcholanthrene Tlie significance of these results 
IS discussed in relation to those published bv others 

From Authors’ Summarv 

VlTAAIIH A AMD TuMOR MITOCHONDRIA A GOTRXER aild M M GOERXCR, 

J Biol Chem 123 57, 1958 

Vitamin A was not present in the mitochondria of tumor cells m either the 
Flexner-Joblmg rat carcinoma or the R-39 sarcoma despite the fact that the 
hepatic mitochondria of both types of tumor-bearing animals contained a normal 
store of the vitamin as well as of total lipid The total lipid content of the 
mitochondria of the tumor cell was fairly large m both experimental tumors but 
was higher in the Flexner-Joblmg lat carcinoma than m the sarcoma The 
results indicate that an increase in the vitamin A. intake can have little effect 
on the grow'th processes of tumor cells r j Lebowich 

Neoplasm of Monoc\tes J Furth, J Exper Med 69 13, 1939 

A transmissible neoplasm of mice characterized bj malignant cells resembling 
histiocjtes (monoc 3 tes) is described The morphologic aspects of these cells and 
the microscopic appearance of the neoplasm are similar to those of the human 
neoplasm formed bj' histiocjtes The malignant histiocytes form tumor-like 
masses m the liver and spleen and infiltrate these and other tissues When the 
disease is far advanced, they are present in small numbers m the blood of man^ 
mice The malignant cells have scant phagocytic ability The fixed cells of the 
host (endothelial cells and fibroblasts) have no significant part m the production 
of the lesions of the disease Transmission is readily accomplished wdien 
material containing the malignant histiocytes is used for inoculation but fails 
in their absence Attempts to demonstrate a cell-free transmitting agent have 
been unsuccessful From Author s Summarv 

Soluble Antigen or Mvxoma T M Rivers, S M Ward and J E Sviadel, 

J Exper Med 69 31, 1939 

The soluble antigen of myxoma is a heat-labile protein which has an iso- 
electric point near pu 4 5 and is precipitated from half-saturated solutions of 
ammonium sulfate It can be partially purified by methods of differential pre- 
cipitation based on variations m the pn and electrolj'te concentration In rabbits 
receiMng the labile soluble substance of mjxoma homologous precipitins develop, 
and their serum agglutinates elementarj'^ bodies of myxoma, provided the dermal 
pulp from which the bodies are obtained contains the soluble substance, neutraliz- 
ing antibodies do not appear, how^ever, and the animals are not resistant to 
infection W'lth the virus of m-vxoma Elementar\ bodies of mvxoma appear to 
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have a heat-stable agglutinogen which operates when brought in contract with 
serum from animals recovered from myxoma but which shows little action, if 
any, ivhen in contact with anti-soluble-substance serum 

From Authors’ Summary 

Carcinogenic Effect of Papilloma Virus J G Kidd and P Rous, J Exper 
Med 68 529, 1938 

A considerable variety of tumors, both benign and malignant, result from the 
localization of the virus of rabbit papilloma in skin which has been prepared by 
repeated tarnngs They appear only m animals highly susceptible to the action 
of the virus, and are more likely to be engendered bv highly pathogenic inoculums 
No evidence has been found that differences m the potentialities of the virus 
entities are responsible for the diversity of the growths This is referable to 
changes in the epidermal cells, and much more preliminary tarring is required 
to produce these changes than suffices to cause localization of the virus out of 
the blood stream, with a resulting papillomatosis of the ordinarv sort The 
character of the individual anomalous tumors depends in some degree on the 
extent of the preparatory changes in the cells, malignant giowths being more fre- 
quent w'hen the epidermis has been tarred for a relatively long period All are 
focal or punctate in origin, and they exhibit their peculiar characters from the 
first, these characters not being due in any case to secondary alterations in 
ordinarv papillomas Tarring after the virus has localized in the epidermis does 
not significantly increase the number of growths Their development is the 
outcome of the state of the cells at the time of virus infection Tarring exerts 
important influences m addition to changing the cells in such a way that 
unusual tumors result from the action of the virus The procedure is notably 
effective in determining localization of the virus out of the blood stream, it 
enables the virus to produce growths when otherwise it \vould not do so though 
present in the tarred skin, it stimulates the proliferation by which the tumors 
are engendered, it makes them disorderly and aggressive, and it hastens the 
anaplasis of such of them as are malignant It has similar effects on the tar 
tumors, as will be demonstrated in a subsequent paper 

From Authors’ Summary 


Fibroma Virus Infection in Tarred Rabbits C G Ahlstrom and C H 
Andrewes, j Path & Bact 47 65, 1938 

Rabbits which have been given intramuscular injections of tar respond in an 
abnormal way to the virus of infectious fibroma (OA strain) In tarred animals 
the regression of lesions produced by intradermal or subcutaneous inoculations 
of the virus is much delayed In some tarred rabbits the subcutaneous tumors 
may even grow progressively and mvasively until the animals die, coming to 
resemble true neoplasms both clinically and histologically After intravenous 
inoculation of the virus into tarred rabbits, generalized fibromatosis commonly 
develops and may be fatal In tarred rabbits antibodies to the virus develop, and 
the animals become immune to reinoculation in the same way as controls A 
single dose of tar given on the same day as the virus produces the effects described, 
a series of inoculations is unnecessary Benzpyrene and other carcinogenic hjdro- 
carbons produce effects similar to those of tar, but it is not certain how far these 
effects are specific for carcinogenic substances No effect of tar was detected 
in infections with inflammatory (lA) variant strain of the virus of fibroma nor 
with the virus of vaccinia From Authors’ Summary 


A Suprasellar Tumor in a Dog E G White J Path & Bact 47 323, 1938 

A suprasellar tumor in a dog, considered to be a craniopharv ngioma of unusual 
structure, is described The animal showed during life a syndrome resembling 
dvstrophia adiposogemtalis in man From Author’s Summarv 
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AIorpholog\ of Epulis L Ger\ and O Noeppel, Bull Assoc frang p I’etude 
du cancer 27 137, 1938 

Gerj' and Noeppel define epulis as a sessile or a pedunculated outgrowth of 
the gum, originating from its soft tissue They studied 240 such growths seen 
between 1919 and 1937 at the Institute of Pathology in Strasbourg, France, and 
found 230 of them to be hyperplastic tumors of the mesenchyma or, rarel}’^, of the 
alveolodental ligament All were benign, though some recurred locally Histo- 
logically they could be divided into four not sharply separated groups the inflam- 
matory, the vascular or angiomatous, the fibrous and the giant cell group 
Transitions among them were so frequent that a histologically homogeneous form 
was rare The inflammatory epulis consisted of granulation tissue rich m blood 
vessels and in an exudate that sometimes was leukocytic but often plasmocellular 
The vascular epulis showed excessive formation of blood vessels, which lacked 
the regularity and arrangement that are characteristic for granulation tissue The 
fibrous epulis was made up predominantlj of fibroblasts with varying amounts 
of intercellular fibers Two types of cells determined the giant cell epulis a 
small mononuclear cell resembling a fibroblast, but easily differentiated from it, 
and the well known multinucleated giant cell, similar to the bone marrow giant 
cell The small cells, which could be shown to be connected with each other by 
means of protoplasmic outgrowths, are considered by Gery and Noeppel to be 
the fundamental unit of the growth The hypotheses concerning the formation 
of the giant cells are discussed m detail Their mesenchymal origin and lack 
of aity relation to the bone marrow giant cells are emphasized, and the name 
“histioplaxe” is suggested for them In all the forms of epulis deposits of col- 
lagenous masses were found, as well as ossification The latter is explained as 
the function of the histiocyte in the sense of Maximow’s polyblast The deposition 
of calcium in the preformed osteoid tissue, as well as calcification without bone- 
formation, IS brought into relation with the observation that not infrequently 
decalcification of the alveolar process was recorded with transport of calcium,, 
much as m callus formation New'-formed cartilage was obseried ^ery rarely 
The authors emphasize the evidence that speaks against the origin of the epulis 
from bone In their opinion, the epulis is formed by the reticulum in response to 
an unknowm irritating factor The histiocyte wuth its formative potentialities is 
fully capable of explaining the morphologic variations of the epulis and the frequent 
observation of phagocytosis I Davidsohn 


Medicolegal Pathology 

Ependymal Cists Causing Sudden Death K Bohmfr, Deutsche Ztschr f 
d ges gerichtl Med 30 59, 1938 

Two deaths, supposedly resulting from accidents, were explained at autopsy by 
tumor occlusion of the aqueduct of Sylvius In each instance the tumor w'as a 
cvst of ependj'mal origin, covered wuth connective tissue and lined by a la\er of 
epithelium The cyst content w'as rich in cholesterol and lipochrome The first 
patient w'as a woman 46 years old who had complained of headaches for twm 
months She fell off a merry-go-round, struck her head on an iron rail and 
became unconscious for tw^ehe hours In the interval of twm weeks between the 
time of the accident and her death she had headaches almost constantly She died 
suddenly The tumor w’as found in the third ventricle and was the size of a hazel- 
nut The accident tw'O weeks before death was regarded as a result of temporary 
occlusion of the aqueduct by the tumor 

The second death occurred in a cyclist a day after he had been found uncon- 
scious beside a c^cle path After regaining consciousness, he thought he had been 
struck on the shoulder bj another rider and that he had lost his balance and 
fallen How^ever, he had sustained no serious injury, and his bicvcle was 
undamaged and had been set against the curb by him The tumor in the aqueduct 
was onlj 2 mm in diameter The lining of the third ventricle w'as roughened. 
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A reconstruction of the course of events seemed to justify the assumption that 
the man had exerted himself while riding uphill, disturbed the cerebrospinal fluid 
balance in the brain and caused the tumor, which it is assumed had theretofore 
floated freely, to clog the aqueduct With the first evidences of cerebral com- 
pression from the lateral ventricles, the man dismounted, leaned his bicycle against 
the curbing and then sank to the ground in a stupor 

Bohmer cites cases reported by Beutler, Sjovall and Weissenburg to substan- 
tiate his interpretation of the cases reported The theories of the cause of death 
in occlusion of the third ventricle aie discussed briefly George Rukstinat 



Society Transactions 


CHICAGO PATHOLOGICAL SOCIETY 

Katharine M Howell, Picsidciit 
Rcgulai Monfhiv Meeting, Apiil 10, 1039 
Edwin F Hirsch, Secietaiy 

Relation of Circllating Precipitins to the Arthls Pheno'mfnon Paul R 
Cannon and Charles E Marshall 

The uncertainty as to the role of circulating precipitins in the Arthus phe- 
nomenon has been due mainly to the use of inadequate methods for detei mining 
the precipitin content of serum Dilutions of the antigen have been used m most 
studies, although this procedure is a titration of antigen rather than of antibody 
We have studied the problem as follows Collodion particles to which crystalline 
egg albumin had been adsorbed were added to serial dilutions of serum from 
rabbits immunized against crystalline egg albumin By centrifugation and resuspen- 
sion the antibody strength of such seiums can be determined readily and correlated 
with the varying degrees of cutaneous reactivity to mtradermal injections of 
crystalline egg albumin during immunization, after desensitization, after passive 
tiansfer and in other conditions The results indicate that the Arthus phenomenon 
IS associated invariably with the presence of specific precipitins in the serum of the 
animal and that the intensity of the inflammation paiallels the piecipitin content 
of the serum 

DISCUSSION 

Edwin F Hirsch Do you have an explanation for the apparent lag in the 
appearance of the cutaneous sensitivity in reference to the appearance of the 
precipitin content of the blood’ 

I Davidsohn This is a significant contribution since Opie’s report 

Paul R Cannon The precipitin content of the blood must be at a certain 
level — a concentration effective in dilutions of 1 240 or 1 480 — before the skin 
reaction will occur Then the skin reaction increases m proportion 

Obliteration of the Pleural Space Following Pneumonectomy F J 
Phillips and W E Adams 

Cancer of the lung is being diagnosed earlier in the course of the disease because 
of inci eased diagnostic acumen and improved laboratory methods The technical 
procedure of pneumonectomy is better as a result of the w'ork of Graham, 
Churchill, Rienhoff and others The anatpmic and physiologic changes followung 
pneumonectomy are not w'ell understood Follow'ing pneumonectomy the human 
pleural space becomes filled wuth a fibrous tissue shell by organization of the 
accumulated serofibrinous exudate Mediastinal shift does not appear to be a 
dangerous hazard in these patients The details of successful total pneumonectonw 
in a man aged 58 wuth squamous cell carcinoma of the left bronchus are presented 
Nine months later he died fiom generalized peritonitis follow'ing rupture of the 
appendix The fibrous tissue shell in the left side of the chest w'as 1 to 3 cm 
thick and contained a browm turbid fluid Protocols of experiments m dogs on 
subtotal collapse and pneumonectomj' demonstrate obliteration of the pleural space 
b^ h\ perdistention of the remaining inflated lung tissue 

Region \L Fibrocastic Disease Carroll O Adams 

Regional fibrocvstic disease is a laie condition which is usualh confused with 
ether extensne c\st formations in bones This report is the conclusion of a studj 
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of 10 cases available for study at the University of Chicago Clinics Two patients 
had in\olvement of an upper extremity only These had a monomeric distribution, 
with involvement of the humerus and radius and, in 1 case, of the first metacarpal 
bone, without involvement of the ulna or the ether bones of the hand One patient 
had a small lesion in the humerus and massive lesions of the pelvis, femur, tibia 
and fibula on the same side In another patient the ilium and femur on each side 
and the tibia on the left side were the loci The other 6 patients had involvement 
in a lower extremity only 

Regional fibrocystic disease is probably congenital This explains the varied 
extensiveness, the common segmental distribution and the usual onset of symptoms 
m childhood The symptoms are mild aching pain following trauma, but patho- 
logic fracture may be the first manifestation These fractures usually heal, but 
delayed repair and malunion are common Refracture is not lare, and nonunion 
occurred in 1 patient The levels of the blood calcium and phosphorus are 
normal 

The roentgenograms usually showed the diaphysis expanded, especially in 
regions of previous fracture The cortex was usually thin, and over the convex 
side of bowed long bones it was sometimes barely perceptible In such regions 
fractures, complete and incomplete, may occur repeatedly Occasionally, regeneia- 
tive tissues developed m these weakened places In the medullary region the 
normal trabecular pattern was replaced by irregular heavy trabeculae between 
which there might be decreased density and complete absence of trabeculae In 
2 patients with involvement of an upper extiemity the humerus had this typical 
appearance, while the cortex of the ladius was thin, and the entire medullary region 
was reduced in density and was without trabeculation The epiphyses usually 
appeared normal 

The cortex of the bene was thin, and some of it could be sectioned with a 
knife The marrow was replaced by yellow, gray or white fibrous tissue Unlike 
the localized type, there were few cystic cavities, and the regions which appeared 
cystic in the roentgenograms were filled with fibrous tissue In the regions which 
appeared devoid of trabeculae m the roentgenograms there were a few fine irregular 
trabeculae scattered throughout the fibrous tissue Microscopically, the fibrous 
tissue was usually mature and dense The cystic cavities present contained gela- 
tinous material and were lined bv compact fibrous tissue The trabeculae had 
many irregular cement lines and occasionally some osteoid tissue 

Treatment was limited to the preservation of function, the prevention or cor- 
rection of deformity and the curettement of regions with severe persistent pain 

Bronchial Obstrlction Produced by Capdiovascui ar Anomalifs Paul 
Holinger and A H Andrews 

Tracheal or bronchial obstructions produced by cardiovascular anomalies are 
relatively rare They have striking and frequent unusual clinical manifestations 
which generally are explained only by the postmortem examination As in anj 
bronchial obstruction, whether caused by an intrabronchial, an endobronchial or 
an extrabronchial lesion, that caused by a cardiovascular anomaly manifests itself 
by obstructive emphysema or atelectasis Four representative examples were 
presented 

The first was in a 4^4 month infant who had died of asphyxia from compres- 
sion of the tiachea Postmortem examination revealed the aoita divided into two 
arches w'hich surrounded and constricted the trachea where the branches passed 
backwfard and united posteriorly The second patient, an infant of 5 months, had 
a partial bronchial obstruction w'lth marked obstructive emphysema caused by a 
transversely placed distended right auricle w’hich compressed the bronchus against 
the thoracic aorta Numerous other cardiac anomalies, including atresia of the 
tricuspid valve, w'ere present In the third patient an atelectatic left low'er pul- 
monary lobe w'as due to compression of the lung by a congenitally enlarged heart 
In the fourth patient marked obstructive emph^senla of the right lung had resulted 
because the aorta, b\ passing to the right of the trachea instead of to the left, 
had partialh compressed the right mam bionchus 
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Katharine M Howeil, Picsidcnt 
Regular Aloiithly Meeting, Alay S, 1939 
Edwin F Hirsch, Scactaiy 

Studies on the Se\ R'\tio (a) The Metabolic Gradient as a Conditioning 

Factor, (b) the Sen R-\tio and Resistance William F Petersen and 

Mildred Norval 

Apart from obwous differences, one basic biologic difference between tlie sexes 
resides in the fact that the male organism throughout its entire life span is geared 
to a higher oxidative rate , i e , it needs more energj in ordei to exist The 
biologic inference seems obvious, for such a situation pioves beneficial in pro- 
Mding greater opportunitj' for female survnal and therefore for racial survival 
If a large share of the energy expenditure is devoted to the maintenance of body 
temperature, the male may be expected to be less resistant to cold, first because 
of less fat tissue insulation, second, because of lesser opportunity to accumulate 
reserves than is afforded the female under similar conditions, and, third, because 
of greater demand on reserves during unusual stress or strain, such as cold, 
fatigue and illness 

An examination of the day by daj' sex ratio of persons djung in Detroit in 
the years 1934, 1935 and 1936 indicates that the ratio of males to females increases 
when masses of cold air pass o\er the region On the other hand, during periods 
of mortality from undue heat (Detroit in June 1936 Chicago in July 1934) the 
trend of this ratio is relatively lower 

Despite the advantage of a generally lower basal metabolic rate for the female, 
It seems that adjustment to undue heat in general is more difficult for the female 
because of her greater peripheral insulation This apparenth finds expression, 
too, in the general experience of white persons domiciled in the tropics, where 
the female suffers more acutely and ages more rapidlj’- than the male 

Disseminated Giant Cell Reaction, Possibly Prodroaial ]\Ie^\slfs Walter 

A Stra ker 

In a 27 month old child dying of pneumonia multinucleated giant cells were 
found in the pulmonary alveoli, the bronchi, the sinuses and medullary cords of 
peribronchial lymph nodes, the lumens and walls of bronchial mucous glands, 
the interstitial connective tissue about ]>mph nodes and mucous glands, the spleen 
and the IjTOphatic tissue of the ileum These cells were morphologically like 
those described as specific foi the prodromal stage of measles A history of 
possible contact with measles was obtained Attempts to demonstrate inclusion 
bodies were inconclusn'e 

DISCUSSION 

I Davidsohn The report is interesting, especially because of the widespread 
occurrence of the giant cells The variety of giant cells is most amazing Alay 
the nature of the disease be diagnosed on the basis of the microscopic structure 
01 the tissues’ I am inclined to think that the tissue structure probablj" indicates 
measles 

Walter A Striker This case is not presented as a prmed instance of 
giant cells in the prodromal stage of measles The best evidence would be the 
demonstration of inclusion bodies in the giant cells m the prodromal stage as in 
the actne stage of measles 

Dasgerminoma of the Testicle J D Kirshbaum and Maurice B Jacobs 

Thirty malignant testicular tumors rvere selected for study in the department 
of patholcgj' of the Cook County Hospital , 26 of the tumors were classified 
as djsgerminoma and 4 as mixed — i e, thej contained dysgerminoma tissues 
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associated with cell cords and acini, the cell type, however, being uniform The 
latter 4 tumors may be considered as repiesenting an intermediate stage of a 
more highly specialized type of the dysgerminoma Robert Meyer introduced 
the term “dysgerminoma,” in 1930 

All of the tumors had a single t 3 pe of cell, which, according to Robert A'leyer, 
originates from the undifferentiated germ cell of the gonads This conception 
explains the occurrence of similar tumors in ovaries In size the tumois ranged 
from that of a walnut to that of a grapefruit The tissues weie moderately firm, 
encapsulated, homogeneous and gray-w'hite There w^ere hemorrhages in 20 and 
necrosis in 25, of wduch 5 had caseation necrosis resembling tuberculosis, wuth 
tubercles but no Langhans giant cells The tumor cells were large and polygonal, 
contained ample cytoplasm and had round oi oval, deeplv stained nuclei Nucleoli 
were frequent, and cells with atypical mitosis were abundant The arrangement 
of the cells w^as diffuse in 20 tumors, in the form of alveoli m 6 and aftei a 
papillary pattern in 4 Some had large irregular nuclei , often there occurred 
one that was multmucleated The stroma frequently contained small Ivmphocytes, 
and narrow connective tissue trabeculae extended between alveolar masses of 
cells 

The youngest patient was 18 years of age, the oldest was 63 Fifty-seven per 
cent of the patients were in the third and fourth decades of life, while 58 per cent 
of the 12 patients examined post mortem were in the third decade Twentv- 
seven patients were white and 3 were colored The left and the right testicles 
were affected in equal numbers Eleven of the patients gave a history of trauma 
preceding the onset of the tumor Only 9 patients complained of pain on admis- 
sion, while sw'elling was mentioned by 23 In 10 patients there was a loss of 
weight ranging between 20 and 35 pounds (9 and 16 Kg) Among the 18 
patients treated surgically, the duration of symptoms varied from two to twelve 
months in 13 and from one to six years in the others The clinical diagnosis of 
testicular tumor was correct foi 18 patients, while for 12 an incorrect diagnosis, 
such as hydrocele or tuberculosis, was made 

In 12,000 consecutive necropsies from 1929 to 1939 only 15 malignant tumors 
of the testicle were observed — 12 of them dysgerminoma, 2 chonoepithelioma 
and 1 malignant teratoma The 12 patients with dysgerminoma had metastases, 
10 extensive, especially in the lymph nodes, lungs and liver, and 2 had hema- 
togenous dissemination into the lungs, spleen, brain and bones Thrombosis of 
the inferior vena cava and iliac veins occurred in 5 One patient was noted in 
whom each testicle seemed to be the site of a primarj" tumor, the second tumor 
developing twelve years after the removal of the first Another patient showed 
metastasis to the opposite testicle 

The term “dysgerminoma” may be used to designate the testiculai or ovarian 
tumors which heretofore have been termed “seminoma,” “spermatocytoina” oi 
■“embryonal cell carcinoma ” The origin of a dvsgerminoma is controversial 
Ewing and Hinman consider the tumor to be teratoid, although only one type 
of cell may exist The explanation offered is that by rapid growth the type 
cell supplants and suppresses the other elements Chevassu and Bell used the 
"terms “seminoma” and “spermatocytoma” and stated their belief that the cells 
aie derived from the lining of the seminiferous tubules Robert Meyer believ^ed 
that the cells are not derived from the tubules but that they invade the tubules 
Other testicular tumors described as malignant teratoma usuallj contain v^anous 
structures of mesoblastic, hypoblastic and epiblastic origin 

DISCUSSION 

Walter Schiller If the term “dysgerminoma” is accepted it should be 
used as Robert Mever suggested He found the same kind of tumors in ov^anes 
unasscciated with masculimzation He concluded that the growths arise from 
intersexual elements and produce no hormone The prefix portion of the term 
Implies origin in both sexes Many of these grow’ths appear with teiatomas 
In males the maximum incidence is between the ages of 30 and 40, in females 
between the ages of 10 and 15 The tumors in males are malignant those in 
females, benign In structure thev^ are alike 
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A B Ragins Were determinations of gonadotropic substance made’ 

J D Kirshbaum Tests for such substance with 3 patients were negative 

Causal Significance to Traumatic Ossification of the Fibrocartilage in 
Tendon Insertions Edwin F Hirsch and Russell H Morgan 

The early stages of the lesion of traumatic ossification show large amounts 
of fibrocartilage or hj'ahne cartilage continuous with bone m varying degrees of 
differentiation Some portions seem to be ossifying cartilage, others have lamellar 
trabeculae containing residues of cartilage In the late stages the lesion has a 
high content of lamellar bone and only small traces of cartilage These condi- 
tions imply that bone has its origin in a cartilage matrix, i e , enchondral bone 
formation 

Fibrocartilage is a normal constituent of the insertions of many tendons in 
which traumatic ossification occurs A reactive or reparative growth of these 
tissues initiated by trauma provides a simple explanation for the lesion of traumatic 
ossification 

The complete report will be published in the Archives oj Sntgoy 


NEW ENGLAND PATHOLOGICAL SOCIETY 

Charles Branch, President 
Regtilai Meeting, Apiil 20, 1939 
Granville A Bennett, Seeietaiy 

A Microscopic Stud\ of the Spheno-Occipital Svnchondrosis in Moegolism, 
WITH A Comparison of This Growth Disorder with Cretinism and 
Chondrodvsplasia Clemens E Benda, Wrentham, Mass 

Previous studies in mongolism b}’’ means of roentgenograms and anatomic 
measurements revealed a growth disorder which involves the proliferative growth 
of cartilaginous and membranous bones The purpose of the present miestiga- 
tion was to determine the nature of this disorder of growth by microscopic study 
The spheno-occipital synchondrosis of 6 mongoloid patients, aged between 8 
months and 30 years, revealed a lack of preparatory column formation of • the 
cartilage and an absence of growth sequences The bone ridges were heavily 
ossified and the bony borders perforated bv primary marrow cavities 

The sphenoethmoid synchondrosis was found to be open and without ossifica- 
tion in 3 cases Two vertebrae of mongoloid children, 2 days and 6 months of age, 
respectively, were examined That of the first showed an almost normal picture, 
while that of the 6 month old mongoloid child disclosed complete arrest of 
growth and formation of heavy transverse bone ridges 

A comparison of the bone changes observed m chondrodysplasia, cretinism 
and mongolism reveals differences in these three conditions In chondrodysplasia 
there is a primary change in the cartilage with earlj absorption and ossification, 
whereas the membranous bones and sites of periosteal ossification are not involved 
In cretinism the transformation of cartilage into bone is affected, but the prepara- 
tion of the cartilage is normal In mongolism there is a deficiency of growth in 
all epiph 3 sial lines The cartilage fails to giow normally or to be absorbed This 
picture, together with lack of sinus formation in the bones of the skull, lack of 
diploe and absence of growth at the bone ends, is suggestive of congenital pituitary 
deficiencj' Evidence for such a conclusion has been accumulated b^ a study of 
14 pituitaries of mongoloids, reported previously 
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Traumatic Epithelial Cysts Thomas G Cogswell (by invitation) and 
Raymond H Goodale, Worcester, Mass 

Traumatic epithelial cysts, also called epideimoid or implantation cjsts, occur 
more frequently than is usuall}^ recognized Comparatively little has been written 
about them, especially in American literature, and they are barely mentioned in 
the textbooks of this country The traumatic origin has apparently been accepted 
universall}’^, but the epithelial source is still subject to controversy Several theories 
have been advanced, but that which sees the development of such cysts from 
sudoriferous glands and their ducts seems to be the most satisfactory 

The cysts appeal as small round or oval swellings, which are usually nontender 
and somewhat freelv movable The common sites are the palms of the hands, 
the flexor surfaces of fingers and thumbs, the soles and exposed areas of the face 
The greater incidence is in males Microscopically, the cyst wall strongly 
resembles the epidermis, and the contents are cellular debris and dense keratin 
Traumatic epithelial cvsts are most easily confused with sebaceous cysts It 
should be noted, however, that they appear on areas devoid of sebaceous glands or 
hair follicles and also that they exhibit differences observable in micioscopic 
examination 

These cysts rarely become malignant and seldom become infected An 
epithelial cyst in the pulp of a thumb or a finger may erode into the phalanx The 
treatment is excision There is a tendency to recui if removal is not completely 
accomplished 

DISCUSSION 

B E Clark, Providence, R I I fear all are prone to pass ovei common- 
place and benign lesions too lightly, with a feeling that there is nothing more 
to be learned about them Probably many are accustomed to group all these 
epithehal-lined cysts together as epidermal cysts or something similarly designated 
One may have in mind the possibility that some are of traumatic origin, that 
others result from obstruction to glands and that others come from embiyonal 
rests, but one makes little or no attempt to find morphologic differences that may 
indicate the origin Then some one with a little more curiosity makes a careful 
study, such as Dr Cogswell has just presented, and teaches one that there are 
morphologic differences which others have not noted or have failed to interpret 
F P McCarthy, Boston At a large dermatologic clinic (50,000 iisits and 
8,000 new cases) my associates and I see only one or two of these epidermal cysts 
each year I assume that most of the patients with such lesions go to the surgeon 
rather than to the dermatologist Many are assumed to be sebaceous cysts and 
are treated accordingly, without histologic examination Cvsts of the type described 
do not tend to become infected as often as the sebaceous cysts They are smaller, 
deeper, firmer, and often show a Iwperkeratotic reaction of the skin coieiing the 
lesion 

Leo Alexander, Boston My colleagues and I have seen occasional instances 
of epidermoid tumor located intracranially In the case of a woman, a report of 
which has since been published by Drs Munro and Wagner, the tumor was 
found extradurally in the right frontal region This woman gave a history of 
having incurred a skull fracture in early childhood, involving that legion, and it 
IS reasonable to assume that epidermal material may have been implanted in the 
epidural tissue at that time In other cases the traumatic orign was less obi lous — 
for instance, in those cases in which such a tumor was seen in the cerebellum 
Recently in an apparently similar case in which Dr Munro operated two 
discrete, partly calcified nodules ivere found within the pia at the con\exit\ of the 
brain posterior to the central region However, in this case the diffeiential 
diagnosis from small meningiomas with partial fatty degeneiation has not vet 
been ascertained I should like to ask Dr Cogswell whether he has obseried 
calcification m any tumor m his cases 
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B E Cl-vrk, ProMdence, R I Dr Cogswell mentions the foreign bod} 
leaction w'hich occurs about some of these C 3 ’^sts This is a common obser\ation, 
and I have interpreted it as being due to a break in the epithelial lining with 
escape of the sebaceous content into the tissues, this material then stimulating 
the foreign body reaction I w'lsh to ask wdiether Dr Cogsw’ell feels that this 
IS charactei istic of cysts W'hich are traumatic in origin Or mav it not occur w'lth 
so-called w'ens or cysts of other origin^ 

J E Porter, Fall Rrvei, Mass What is the interval from the time of the 
trauma until the cyst is recognized? 

Robert Fienberg, Westfield, ilass At cne time I was interested m the 
contents of epidermal cysts and extracted the material with fat soh^ents I found 
it to be predominantly keratin This finding piobably explains the giant cell reaction 
m the tissues about the C 3 'st, since the keratin might penetrate the corium through 
a break m the epithelial lining Certaml}', when in heavily irradiated keratinized 
epidermoid carcinomas the cancer cells are destroved, leaving necrotic masses of 
keratin, foreign body giant cell reaction is often noted about the keratin 

Assuming that these epidermal cysts arise from sweat glands, it is mteiestmg 
that Dr Cogswell was able to differentiate the epithelium found in the epidermal 
C 3 ^sts from that found in the sebaceous C 3 'sts Since both arise from cutaneous 
appendages, the assumption would be that the metaplasia which occuis in these 
cysts would giv'e rise to the same t 3 'pe of squamous epithelium m each kind of C 3 St 
Certainh, in most cases of squamous metaplasia one does not usually distinguish 
t 3 'pes of squamous epithelium 

Ravmoxd Goodalf, Worcester, Mass We have seen no malignant tumois m 
our senes These cysts are prone to lecur The recurrences ma} be due to a 
failuie ot the surgeon to remove tinv div'eiticula of the evsts Frequentl} these 
evsts are more difficult to excise than sebaceous evsts Complete excision is 
essential for a cure 

Thomas G Cogsw'ell, Worcester, Mass Unfortunateh we have seldom 
had complete clinical mfoimation However, m a few cases we have observed 
hypei keratosis of the overlying skin No intracianial lesions have been seen m our 
senes of cases Reports of epidermoid evst of the brain were found in the 
literature The so-called cholesteatoma inv'olvmg the middle ear region is regarded 
as a similar lesion We have confined ourselv'es to a study of the C 3 sts of the 
skin It IS logical to believe that giant cells ma}" be present as a reaction to the 
dense masses of keratin if there is a break m the wall which would allow keratin 
and other mateiial to be passea out into the surrounding tissue It is interesting 
to note that no such phenomenon was found in any of the sebaceous cysts 

Rephing to the questions concerning trauma, it should be pointed out that the 
mjur} ma} be so slight as to pass unnoticed It may be said that a deep 
penetrating trauma is definitely not necessary for the development of such a C 3 "st 
The cause mav^ be constant iiritation or repeated trauma, and no time element 
can be determined In certain instances there mav be a single traumatic injury 
which IS well remembered by the patient Two oi three months are usuall} 
lequired for the development of the evst, but many months or perhaps 3 ’^ears mav 
pass before clinical symptoms are manifested Certain factors, especiall} the site 
of the lesion, vv'ill hav^e a bearing on the time element 

Lesions of the Nervols System in Hyperinsulimsm H M Zimmerman, 
New Haven, Conn 

The experimental animal employed in this stud}" was the cat Fiom 10 to 20 
units of insulin per kilogram of body weight was injected, and b}" frequent analj'Sis 
of the blood for sugar it was determined that the period of hypogl}"cemia extended 
for about ten to fifteen hours About 30 per cent of these animals recov'ered 
completelv, and about 40 per cent did not surv'ive the procedure The remaining 
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30 per cent survived but showed a condition approximating decerebrate rigidity 
These animals were semiconscious, insensitive to painful stimuli, ataxic and spastic 
Their blood sugar levels at this time were within normal limits 

Chemical analysis of the brains by Dr Herman Yannet disclosed a marked 
loss of cell water and a consequent inciease in extracellular water, but the total 
water of the brain was not changed There was an even greater loss of cellular 
potassium, with a shift of sodium into the cell These changes were interpreted 
as indicating a loss of selective permeability of the cellular membrane, probably due 
to cellular disintegration 

A close correlation was found between the severity of these chemical changes 
and the anatomic lesions in the brain The latter consisted of widespread cortical 
necrobiosis affecting the ganglion cells, which at first showed liquefaction and 
pericellular encrustation and later disappeared The same type of change was 
found in the cornu ammonis formations, the basal ganglions and the cerebellum 
Under certain conditions, especially when the duration of the hypoglycemia was 
short, these changes were apparently reversible, and the animal recorered both 
functionally and anatomicallj Changes which are identical with these have been 
observed in both rabbits and men under conditons of hypennsuhnism with lesulting 
hypoglycemia 

The genesis of these lesions is probably explained on the basis of a lack of 
dextrose in the brain resulting m “cellular staivation”, since the brain is dependent 
for its nutrition in great part on the dextrose brought to it by the blood Ce' ebral 
anoxemia produced by vascular occlusion produces focal lesions rathei than the 
diffuse involvement seen in hypoglycemia The anoxemia produced by such 
convulsants as thujone, camphor and metrazol, even when severe, nevei leads to 
such widespread destiuction of ganglion cells, even though the type of cell injurv 
is the same 

DISCUSSION 

Question Were hemorrhages found in the biains of these animals’ 

Valy Menkin, Boston In regard to the mechanism of cvtolvsis, have you 
had the opportunity to study the local changes in /»h’ I have had no expeiience 
with the tissues which you are studying , but at least in exudates polymorphonuclear 
leukocytes are definitely injured by a fall in />h Incidentally, my cowoikeis and 
I also have been able to show that accompanving an mflammatorv reaction there is 
an increase in the potassium of the exudate as compared with that of the serum 
This IS probably associated with injury to the cells In oui studies the local 
acidosis was referable to disturbances in the intermediary carbohydrate metabolism 
This favors development of true local acidosis from lactic acid at the site of the 
injury I wonder whether there is any possibility that a similar picture might 
present itself m Dr Zimmerman’s experiments on hypoglycemia I should therefore 
be interested to know whether he has had the opportunity to studv glycolytic 
changes at the site of ganglion cell degeneiation 

Leo Alexander, Boston Dr Zimmerman has been the first to demonstrate 
clearly that changes similar to those which one observes following occlusion of 
vessels and which one therefore tends to accept as due simply to anoxia may be 
brought about by lack of a substance other than oxygen in the circulation, namely, 
dextrose Although the general distribution of the change is not similar to that 
of the change brought on by simple anoxia, the cytologic change is rather similar 
to the so-called ischemic change of Spielmej'^er , particularly, the analogv of the 
change in Ammon’s horn is most striking Dr Zimmerman’s paper demonstrates 
most ingeniously that there are at least two components in the so-called ischemic 
change, that of anoxia and that of lack of dextrose 

We have had the opportunity in our laboratory to study a case of death 
following insulin shock in man Death occurred in the acute stage of shock 
An enormous degree of cerebral vasodilatation was obser\ed in both upper parietal 
regions sj mmetricallj I should like to ask Dr Zimmerman whether m his cases 
the vascular system showed gross morphologic abnormalities 
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The first one to suggest that the apparent improvement m schizophrenia 

following a series of insulin shocks inaj' be due to destruction of cerebral tissue, 

which allows adjustment on a lower integrative level, was Dr Stanley Coob, of 
Boston I do not think that he intended necessarily to regard this fact as a strict 
contiaindication to the treatment, but rather as a fact which might explain the 
mechanism involved in the apparent improvement Dr Zimmerman’s paper and 
clinical experience have since confirmed Dr Cobb’s point of view The question 
of whether the therapeutic use of insulin shock which destroys part of the brain 
is promoting the social adjustment of the schizophrenic patient will have to be 

decided from the study of a great amount of clinical material 

T Dennie Pratt, Boston (by invitation) Recently, while working under the 
direction of Dr Oliver Cope at the Massachusetts General Hospital, I carried out an 
experiment with 2 adult male dogs in which the period of hj’-poglycemia induced 
by insulin was prolonged for forty-eight hours , except for one or two short 
intei\als the level of the blood sugar was kept well below 40 mg per hundred 
cubic centimeters, with most of the readings being around 30 mg 

Profound objective neurologic changes appeared Extreme prostration, together 
with spastic paralysis of the extremities, and complete failure to react to varving 
types of external stimuli were observed on the second day of the experiment This 
stage was followed by a gradual return toward the normal, during which the dogs 
exhibited fairly typical examples of the rage phenomenon described by Cannon as 
being characteristic of the decorticate animal In the succeeding two to three 
weeks the dogs slowly but definitely returned to their original normal state No 
histologic studies have as yet been made 

In view of these objective findings I should like to ask Dr Zimmerman if 
he thinks it likely that these dogs could have had at one time the histologic 
changes which occurred in his cats, since the dogs now appear to have recovered 
completel} If so, one might conclude that either (1) the histologic changes are 
temporary or (2) the brain of the adult dog has a certain supplementarj’- reserve 
by means of which the unaffected cells are enabled to take o^er the functions of 
the cells permanently damaged by the extreme hypoglycemia 

H M Zimmerman, New Haven, Conn Onlv two of the animals had 
hemorrhages, insignificant ones, and none of them showed any striking vaso- 
dilatation Determinations of pn on some of the more severely involved animals 
showed changes to the acid side These changes, however, may have been the 
result of the extensive cellular destruction rather than the factor responsible for 
them Animals which were hj'poglycemic for less than four hours usually showed 
normal responses almost immediately thereafter Those that were hypoglycemic for 
much more than four hours remained out of touch with their environment until 
put to death 

Replving to the question concerning areas of involvement — there appears to be 
no predilection for the parietal lobe If anything, it is the occipital lobe that 
suffers the most 

One question pertained to clinical ev'idence indicative of cerebral mjurv m 
patients treated with insulin shock Recently, I have been informed by Dr Fritz 
Kant, who has had experience with a large number of such patients, that following 
repeated shocks even those patients who respond favoiably show evidence of this 
injurv Psjxhologic tests indicate that they are brought to a lower intellectual 
plane bv this form of therapy 

Arteriosclerosis M C Winterxitz, New Haven, Conn 

The extensiv'e vascular supply to the vv'all of artery and vein necessitates 
consideration of the role this may play in the disease of the vessel wall 
Hemorrhages are frequently encountered in all of the coats, particulaily in the 
intima Ihe fate of this hemorrhage can be traced through the breakdown products 
of the erjthrocvtes These stain for iron and for fat in various stages of their 
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disintegration This is so for some cells still identifiable in the atheroma and in 
vessels at its peripheiy both when they are free and when they are within the 
bodies of large macrophages All of the iron within the macrophages probably is 
derived from the red blood cells The fat may well arise from other souices 
That much of the fat within the macrophages may be derived from red blood cells 
has been demonstrated by the injection of various irritants into the peritoneal 
cavities of rabbits When red blood cells occur m the exudate, the macrophages 
are laden with fat 

Intimate association between artery and neighboring vein has been established 
by injection and clearing methods When the vein wall or the adventitia of the 
vein IS inoculated with various micro-organisms, lesions of both the vein and the 
artery follow These are dependent largely on the virulence of the organisms 
In the vein, acute phlebitis and also thrombosis may result, and latei, if the 
animal survives, either organization of the thrombus or a fibrous intimal plaque 
follows The aiterial lesion is associated with exudation, more maiked in the 
adventitia and m the intima than m the media Intimal proliferation follows rapidly 
Thrombosis of the artery may occur, or if the process does not extend to the 
lumen of the arterv, it may result in progressive thickening of the intima 
Vascular lesions have been found to occui in another and quite different condition 
Hypertension and azotemia, produced by the Goldblatt method, are associated 
with lesions of the media of the larger arteries and veins Edema of the media 
and extravasation of blood in this coat of the vessel, extending into the intima 
but without loss of continuity of the intimal surface, occurs frequently in these 
larger ^essels This is the analogue of the arteriolar lesions that occur under 
these circumstances, as described by Goldblatt and his associates 

DISCUSSION 

H E MacMahox, Boston I should like to ask Dr Winternitz what pro- 
cedure he follows m obtaining these very striking pictures showing vascularization 
with hemorrhage thioughout the wall of the aorta, also, what part of the aorta 
most frequently shows these lesions, and at what age they most commonly occur 
In a study of the vascular lesions of lungs in cases of long-standing pulmonary 
tuberculosis one may find within the vascular walls every change that has been 
shown here In a comparatively limited study of the aorta in younger patients 
showing marked hypertension I have been unable to find such striking pictures as 
have been shown by Dr Winternitz This, I feel, is largely due to the technic, 
for the clearing process was not used in the selection of sites for study 

In a recent paper Neumann and co-workers (Eli c/ioze/j A? c/i f path Aiiat 303 1, 
1938) pointed out that the first portion of the aorta, extending up to the arch, is sup- 
plied by branches from the coronary arteries I should like to ask Dr Winternitz 
if he has had an opportunity to study this particular vascular tree 

Clemens E Benda, Wrentham, Mass I should like to ask Dr Winternitz it 
any type of infectious process produces the lesions m blood vessels which he has 
shown to us , also how widespread they are 

B E Clarke, Providence, R I I should like to asK whether or not 
vascular lesions of this type may serve in explaining idiopathic cystic medial 
necrosis 

M C Winternitz, New Haven, Conn Clearing of the vessel wall is of 
gieat importance m demonstrating hemorrhage Extensive sectioning of the vessel 
wall with a sharp instrument is also of great aid It should be emphasized that 
in such manipulations damage to the intima by such procedures as sponging and 
washing should be avoided The iron stain as well as stains for fat are of \alue 
in demonstrating the participation of red blood cells in the process of disease 
of the vessel wall A possible lelationship between these medial hemorrhages and 
idiopathic medial necrosis maj'' be suggested 
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Problems of Ageing Biological and Medical Aspects Edited b}' Edmund 
V mcent Cowdry, A B , Ph D , Professor of Cytology, Department of Anatomy, 
Washington University Cloth Pp 749, with 121 illustrations Price SIO, 
Baltimore Williams & Wilkins Company, 1939 

The book is a product of the interest of the Josiah Macy Jr Foundation in 
chronic degenerative conditions and impairments with special leference to aging 
As stated in the editor’s preface, the book is a logical sequence of the suney of 
the problem of arteriosclerosis issued under the same auspices in 1933, in which 
IS summarized the knowledge of degenerative changes and aging of blood vessels 
(Cowdry, E V, editor Arteriosclerosis A Surve}*^ of the Problem, New York, 
The Macmillan Company, 1933) In his foreword, Lawrence K Falk, of the 
Foundation, describes the general scope and purpose of the book as concened and 
carried out by the editor, namel}^ to advance the “larger conception of health- 
care to which the Foundation” is dedicated The book deals not only with the 
involutions of uncomplicated aging — ^“the gradual running down of the hereditary 
‘time-clock’ ” — ^but inevitably also with changes in the aged due to degenerations 
and impairments other than those inherent m physiologic aging This distinction 
and the interrelations of the two sets of processes naturally give rise to mucli 
discussion In his introduction, John Dewe 3 ' emphasizes the relations between 
aging and the social life He says “Science and philosophy meet on common 
ground in their joint interest in discovering the processes of normal growth and 
in the institution of conditions \ihich will favor and support ever continued 
growth ” There are 25 chapters m which phases and problems of aging are dis- 
cussed bj'- well known investigators in various fields A list of the chapter head- 
ings and authors will show' best the ground w'ork covered 
Ageing of Plants — William CrocLei 

Senescence and Death in Protozoa and Invei tebrates — H S Jennings 

Ageing of Insects — L 0 How'ard 

Ageing of Vertebrates — T Wingate Todd 

Human Cultural Levels — Clark Wissler 

Longevity in Retrospect and Prospect — Louis I Dublin 

Cardiovascular System and Blood — A E Cohn and Karl Landstemei 

Lj'mphatic Tissue — E B Krumbhaai 

Digestive System — A C I^' 3 ' 

Urinary Sj'stem — Jean R Oliver 

Skeleton, Locomotor Sj'stem and Teeth — T Wingate Todd 
Ageing of the Skin — F D Weidman 

The Thyroids, Pituitarj', Adrenals, Thymus and Islands of Langerhans — 
A J Carlson 

Female Reproductive System — Edgar Allen 
klale Reproductive System — ^Earl T Engle 

Changes in Personality and Psychosexual Phenomena w'lth Age — G V. 
Hamilton 

Ageing of the Nervous System — Macdonald Cntchley 

The Eye — Jonas S Friedenw'ald 

The Ear — Stacj' R Guild 

Psychological Changes — ^^Valter R kliles 

Chemical Aspects of Ageing — C M McCay 

Ageing of Homeostatic Mechanisms — Walter B Cannon 

Ageing of Tissue Fluids — E V Cow'drj' 

Ageing Processes Considered in Relation to Tissue Susceptibility and Resist- 
ance — Wm DeB MacNider 

Ageing from the Point of View of the Clinician — Lew'ellys F Barker 
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Each chaptei concludes with a summarj'^ and a bibliography For the editor and 
the contributors there can be nothing but piaise The book gives an excellent 
and unique recapitulation of the knowledge and understanding of the processes and 
manifestations of aging It clarifies the present state, trends, and need of inves- 
tigation in the field of aging 

William B Wherry, Bacteriologist Martin Fischer Pp 293 Springfield, 111 , 
and Baltimore, Md , Charles C Thomas, Publisher, 1938 

This book IS written for those who knew and loved the rare spirit that in the 
flesh was called William B Wherry, it is not primarily for those whose chief 
interest would be to learn of the bacteriologist and scientist The sources for 
material have been a vast accumulation of letters, 82 articles written in whole or 
in part by Wherry and an intimate friendship between Wherry and the author 
that began in medical school and lasted some thirty-five years, until the former’s 
death in 1936 Skilfully drawing now on one source and now on another, Fischer 
tells of Wherry’s boyhood interest in nature, his struggles with poverty, his stiong 
home attachments and the gradual growth of more liberal views as to life than 
those held by his missionary parents The student days at Rush Medical College 
are described, and the early contact with Hektoen, whose wise advice was for 
years an encouraging and much appreciated stimulus to productive research One 
follows Wherry to Manila, California, Montana and many other places until 
finally, after wandering Odysseus-like in many lands, he reaches what was to be 
his final home in Cincinnati, where, as one of a congenial and understanding group, 
he continued his investigations and became an inspiring teacher, a leader in med- 
ical circles, an honored citizen and a beloved colleague and friend 

The author’s task has been a labor of love No incident is too trivial to 
record if it shows the dutiful son, the loving husband or the loyal friend No 
excerpt from his writings is insignificant if it adds to the credit account of 
Wherry’s investigations and discoveries in the field of bacteriology Leprosy, 
plague, tularemia, amebiasis , improved culture mediums and methods of staining , 
more accurate technic for animal experimentation , original ideas as to the causa- 
tion of disease, problems of immunity, the growth of a broad philosophic outlook 
on the nature of man and his diseases — all this is told with the charm of the easy 
style for which Martin Fischer has become well known Occasionally there is 
pungent nony to an epigram But the “Fischensms” are not viciously barbed 
The author is evidently trying to exercise restraint lest he be viewed as a too 
ardent advocate or an undiscnmmating hero worshiper Some critics may, m fact, 
think he is at times extravagant He tacitlv endorses the statement of another 
that when Wherry died “the last and the greatest of the bacteriologists of our 
period’’ had gone Such critics might — naming only one — cite Theobald Smith as 
in all respects a greater bacteriologist Theobald Smith, by the way, was one 
with whom Wherry came in contact and whose helpful influence he freely acknowl- 
edged The number of other friends was great Hektoen has already been men- 
tioned Others were Fischer, Ricketts, E O Jordon, Gideon Wells, Rosenow, 
Musgrave, Strong, McDill, as well as many unnamed college and hospital col- 
leagues and students 

While, as the title of the biogiaphy declares, Fischer is considering Wherrv 
chiefly as a bacteriologist, it is clear that he legards him — and readers must admit 
that he makes out his case — as worthy of remembrance not alone because he 
achieved renown m his chosen field of science but as w'ell because he stimulated 
to sane thinking, advocated a broad philosophic \iew' of life and by example and 
precept taught the value of mutually helpful friendship It is a pleasure to add 
that the volume has been bi ought out m a form that is a credit to the publishers 
as well as to the author 
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The Biology of Bacteria An Introduction to GnNER\L jMicrobiology 
Arthur T Hennci, M D , Professor of Bacteriolog}', Universitj of Minnesota 
Second edition Cloth Pp 494, with 112 illustrations Puce $3 60 Boston D C 
Heath & Co , 1939 

Le Serum normal Proprietes phisiologiques D Brocq-Rousseu and 
Gaston Roussel Volume 2 Pp 630 Price 140 francs Pans I^Iasson & Cie, 1939 
Laboratory AIanual of the jMassachusetts General Hospital Francis T 
Hunter, M D , Associate Phj'sician and Clinical Pathologist, Massachusetts 
General Hospital, Boston Third edition, revised Pp 119 Price $175 Phila- 
delphia Lea & Febiger, 1939 

Appendicitis A Statistical Studt Matthew Young and W T Russell 
Medical Research Council, Special Report Series, no 233 Paper Pp 64 Price 
30c His Majesty’s Stationery Office, 1939 

Endocrinology in Modern Practice William Wolf, D , MS, Ph D , 
Endocrinologist to the French Hospital and Attending Endocrinologist to the 
Misencordia Hospital, New York, Consulting Endocrinologist, New Y'ork Uni- 
versity Dental School Second edition, completely revised Cloth Pp 1077, with 
176 illustrations Price $10 Philadelphia W B Saunders Company, 1939 

La recherche de la paternity par les groupes sanguins !Etude technique 
ET juridique Louis Christiaens Paper Pp 108 Price 26 francs Pans 
ilasscn & Cie, 1939 

La tuberculose du cobave Jean Paraf Medecin des Hopitaux de Pans Paper 
Pp 132 Price 30 francs Pans Masson & Cie, 1939 
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CARCINOMA CELLS IN THORACIC AND 
IN ABDOMINAL FLUIDS 

MONROE J SCHLESINGER, PhD, MD 

BOSTOX 

For ovei fifty years theie have appealed lepoits on the search foi 
and the recognition of carcinoma cells in fluids asj^nated from the 
thoracic oi the peritoneal cavit} Howevei, few clinicians think of 
lequestmg such examinations, because many of the pathologists asso- 
ciated with them consider it impiobable that such a seaich will con- 
sistently }ield conclusive diagnostic results The favorable opinion of 
such examinations piesented here is based on the findings in 100 cases 
in which carcinoma was being considered in the differential diagnosis 
and in which such an examination was made by a unifoim technic 

Quincke^ in 1875 was probably the fiist to see, describe and report 
carcinoma cells in smears fiom pleural and abdominal fluids Since then 
there has appeared a long series of reports - of such findings in stained 
smears, always with a changing and presumably improving technic 
Many of these leports, although based on observations of snieais from 
but one oi a few fluids, piesent elaborate discussions and numeious 
illustrations of the distinguishing minute peculiarities of the individual 
caicinoma cell In the comment on such smears, emphasis is placed on 
such characteristics as the piesence of mitotic figuies, of clumps of cells 

From the Pathology Laboratory, Beth Israel Hospital, and the Department of 
Pathology, Haryard Medical School 

1 Quincke, H Deutsches Arch f klin Med 16 121, 1875, 30 580, 1882 

2 Neelsen, F Deutsches Arch f klin Med 31 375, 1882 Dock, G Am 
J M Sc 113 655, 1897 Warthm, ASM News 71 489, 1897 Gulland, G L 
Scotch M & S J 10 490, 1902 Labbe , Delilhe, A , and Aguimet Bull et mem 
Soc anat de Pans 4 507, 1902 Gwjn, N B Am J M Sc 127 592, 1904 
Miller, J L Am Med 8 835, 1904 Turton, E Practitioner 74 497, 1905 
Ross, E A Tr Path Soc London 57 361, 1905-06 Vickery, H F, and 
Richardson, O Boston M &. S J 157 824, 1907 Facchmi, G Polichmco (sez 
prat ) 15 977, 1908 Marini, G , and Fiorini, M Riforma med 24 1, 1908 Widal, 
F, and Abrami, P Bull et mem Soc med d hop de Pans 25 335, 1908 
Warren, L F Arch Int Med 8 648, 1911 Judd, C C W Am J M Sc 
153 717, 1917 Feinblatt, H M kl J & Rec 121 609, 1925 Quensel, W Acta 
ined Scandmay 68 427 and 458, 1928 Karp, H Ztschi f Krebsforsch 36 
579, 1932 kIcDonald, J R , and Broders, A C Arch Path 27 53, 1939 
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or of vacuolated cells Variations in the si/e and shape of the nuclei 
aie consideied important Some la)^ special emphasis on the nucleus- 
C 3 doplasm oi the nucleus-nucleolus latio 

At fiist m}^ co-woikers and I also utilized diiect smeais and tried 
various staining methods, without much success In some of these 
smears we found a few cells strongl)^ suggesting caicinoma cells In 
the paiaflfin sections made from the sedimented cells from these same 
fluids theie were innumerable regions easily recognizable as neoplastic 
Most pathologists still agree with Borst ^ that individual neoplastic cells, 
even malignant ones, have no absolute specific morphologic charactei- 
istics such as (1) degree of dedifferentiation, (2) n regularities of such 
C3'toplasmic details as gianules, mitochondria oi golgi network, or (3) 
nuclear changes, such as hyperchromatism or hypochromatism or abnor- 
malit 3 ’’ of centrosomes or of nucleoli C 3 dologic identification of the 
individual caicinoma cell is for the present not uniforml 3 '^ possible 

Nevertheless, with all these limitations in mind, it is usually not 
difficult to identify as neoplastic a comparatively small group of epithelial 
cells in tissue sections This recognition is based as often on the relation 
of these epithelial cells to one anothei and to the surrounding structuies 
as on the minute characteristics of the cells themselves It is very 
difficult to preserve this structural pictuie in smears, hence the decision 
there must rest almost entirely on C 3 d:ologic details The method of 
centrifuging these fluids and embedding and sectioning the sedimented 
cells permits the study of whatevei histoid characteristics are present 
and for this reason alone it is a more reliable technic 

Scattered instances aie lecorded^ in which a small bit of tissue was 
found floating in the aspirated fluid This bit of tissue, separatel 3 ' 
embedded and sectioned, seived best foi the diagnosis However, such 
accidental findings cannot be relied on foi a diagnostic method, and as 
earl 3 '- as 1901 Josefson ® advocated centrifuging these fluids and section- 
ing the sedimented cells Even before this, in 1895, Bahrenberg ® 
published a similar technic in the little read Cleveland Medical Gazette 
In 1917 Mandlebaum," of the Mount Sinai Hospital, New Yoik, 

3 Borst, kl Die Lehre von den Gescliwulsten, Wiesbaden, J F Bergmann, 

1902 

4 Prentiss, D W Tr A Am Physicians 8 191, 1893 Rieder, H 
Deutsches Arch f klin Med 64 544, 1895 Steiner, W R Bull Johns Hopkins 
Hosp 12 310, 1901 Steele, J D, and Girvin, H, Jr Proc Path Soc Phila- 
delphia 4 164, 1901 Nattau-Larrier, M L Compt rend Soc de biol 58 709, 
1905 Levesque, J Medecine 5 958, 1924 Bock, E Klin Wchnschr 4 651, 
1925 

5 Josefson, A Hygiea 63 435, 1901 , Ztschr f klin Med 82 331, 1916 
Acta med Scandinav 53 770, 1921 

6 Bahrenberg, LHP Cleveland M Gaz 11 274, 1895 

7 Mandlebaum, F S J Lab & Chn Med 2 580, 1917 
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lepoited using this method, but it was not until 1928 that Zemansky ® 
published his leport of a series of 113 such examinations made in that 
institution Meanwhile, Ellis,'* of the Memoiial Hospital, New York, 
in 1922 emphasized the value of a similar technic, and Foot m 1937 
again leviewed the material from that hospital Also, Seecof and 
Boetsch’^^ in 1924 reported on 93 cases studied by a similar method at 
the Montefiore Hosptial, New Yoik 

TCCHNIC 

The technic followed is extremely simple The fluid is centrifuged at high 
speed until the supernatant liquid is clear This is most conveniently accom- 
plished by centrifuging repeatedly in the same 50 cc round bottom centrifuge 
tube, pouring off the cleared fluid and replacing it by fresh fluid to be centrifuged 
Sufficient sediment is thus finally obtained as one mass at the bottom of the 
centrifuge tube Even if the fluid has not been collected aseptically, its preservation 
m the ice box for twenty-four or thirty-six hours before centrifuging permits 
little effect on the neoplastic cells Also, centrifuging for a considerable period 
at the highest speed obtainable does not damage the cells 

The sedimented mass obtained is then prepared for fixation It is first trans- 
ferred to a piece of filter paper as a small compact pile This transfer is made 
either with a small spatula, the point of a scalpel or a small platinum loop, 
depending on the amount and consistency of the sediment The sediment obtained 
IS seldom insufficient for such transfer, especially the sediment from fluids con- 
taining neoplastic cells Sometimes a fibrin clot forms in the fluid, and then 
there is obtained after centntuging a voluminous jelly-hke precipitate, which 
comes out of the tube en masse In this clot are enmeshed all the cells of the 
fluid Before fixing, some of the fluid that is also enmeshed in the clot is extracted 
by gently rolling the clot around on dry filter paper The sediment or clot is 
fixed in at least 10 volumes of a neutral 1 10 dilution of solution of formal- 
dehyde U S P for eighteen to twenty-four hours, embedded in paraffin, sec- 
tioned at 8 to 10 microns and stained with hematoxylin and eosin This method 
differs from the original method of Josefson,® who added alcohol to the fluid 
before centrifuging and thus obtained a more voluminous precipitate of coagulated 
protein Ellis ® mixed solution of formaldehyde instead of alcohol with the 
fluid Both these procedures yield a flaky, nonadhesive precipitate, which is difficult 
to handle and section It has not been found necessary or desirable to fix the 
precipitate directly in the centrifuge tube as practiced by Alandlebaum " and by 
Zemansky ® 

PATHOLOGIC PICTURE 

Graham,^" who used a comparable technic on 50 such fluids, has 
presented the most recent extensive discussion of the appeal ance of 
carcinoma cells in sections of the sediment of effusions Although we have 
encountered all the pictuies he so well described, we have never felt it 
safe to base a diagnosis on the appearance of individual cells In 

8 Zemansky, A P , Jr Am J M Sc 175 489, 1928 

9 Ellis, E B Bull Internal A M Museums 8 126, 1922 

10 Foot, N C Am J Path 13 1, 1937 

11 Seecof, D P , and Boetsch, N Proc New York Path Soc 24 2, 1924 

12 Graham, G S Am J Path 9 701, 1933 
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eveiy instance A\e have made the diagnosis of caicinoma only aftei 
finding a giotip of cells whose airangement left no doubt as to their 
epithelial nature The individual cells compiising the gioup weie incon- 
tioAeitibly sepal ated by definite cell walls The cells had a definite 
polvgonal shape, often cuboid to high columnai The gioup of cells 
having these charactei istics ma} have been small m number, sometimes 
comiDrismg only 4 to 6 cells These few cells, howevei, weie definitel} 
aiianged m the foim of an acinus oi a part of an acinus In such an 
aiiangement the nuclei of the cells exhibited definite polaiit}, all being 
located in the same position relative to the lumen oi to the peiiphery of 
the acinus These ciiteria for the recognition of caicinoma cells can be 
amplified best by discussing a few illustiative cases with then accom- 
panying photomici ogi aphs 

Case 1 — Catanoma of the Ovaiy (fig- 1) — A 46 3 ear old woman had swelling 
of the abdomen, dyspnea, anorexia and some loss of weight for three weeks 
Examination showed onh marked ascites and edema of the sacrum and ankles The 
diagnosis was held in abejance until aftei a paracentesis had been perfoimed 
Then a mass in the pelvis could be felt, and carcinoma of the ovar> was suspected 

Sectwvs — The initial few routine sections from the sedimented cells 
of the abdominal fluid were inconclusive m that, though a few suspicious 
clumps of cells were encountered, theie was nothing of absolute diag- 
nostic value In figure 1(1) aie two clumps of cells, obviously different 
fiom the isolated cells sprinkled about them and lesembhng epithelial 
cells to the point of arousing a suspicion of caicinoma The iqiper, 
laigei clump, A/, is the least epithelial-hke of the tw'-o, but careful 
focusing on these cells showed definite cell walls between them in man}' 
places A sharply defined, limiting cell wall betw'een tw'o contiguous 
cells IS one of the most useful ciiteria in lecognizing epithelial cells 
The low'ei, smallei gioup, 5, composed of only 4 cells, is moie definitely 
epithelial, foi m addition to sharply defined cell w'alls, seen on focusing, 
the cells show some polarity Aiming to examine more closely this 
low'd clump of cells, we cut additional seiial sections from this paraffin 
block Only larely has it been necessary to lesort to serial sections 
Howevei, originall} we generally prepaied a shoit ribbon of sections 
from each block, cutting, mounting and staining a long enough strip 
to cover two oi thiee microscopic slides Thus any suspected gioup of 
cells may be followed thiough for a short distance In this paiticulai 
instance, the smaller gioup, B, disappeared in the seiial sections, but 
the laiger group A, took on a more characteristic appeal ance of 
epithelial cells The next two sections shown in figuie 1 (2 and i) aie 
fioin this senes but aie not consecutive In these sections the polarity 
of the cells in question is more obvious, and a definite tendency to form 
an acinus is revealed There is one definite mitotic figure show'ii at C 
Although otheis ha3e emphasized mitotic figures as of great diagnostic 




Fig 1 (case 1) —I, 2 and 3, serial sections of cellular sediment from abdominal 
fluid removed from a patient with carcinoma of the ovary, x dOO 
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significance in iecogni7ing caicinoma cells, not much leliance can be 
l^lacecl on this finding In manj otheiwise most convincing prepaiations 
no mitotic figtiies could be found 

Couwient — Following the confiimation of the clinical diagnosis of 
caicinoma by the sections, a lapaiotoni} was performed, and an inoper- 
able caicinoma of the ovaiy with peiitoneal metastases was found 

Case 2 — Caicinoma of the Oz’aiv (fig 2 l-^]) — For two months a 60 }"ear old 
woman had noticed increase in the size of the abdomen, increase in eight, loss 
of appetite and development of dyspnea Examination revealed onh ascites Before 
tapping the differential diagnosis was cirrhosis of the liver, ovarian cjst or car- 
cinoma After paracentesis a pelvic mass was palpable Sections from the 
sedimented cells of abdominal fluid showed no neoplastic cells, however A second 
tap w’as performed ten da 3 's later and the sedimented cells sectioned 

Sections — In figuie 2 {4), lepiesenting this second specimen of fluid, 
IS a definite papillar) structine, ivith the cells arranged about the 
penpheiy and demonstrating a special type of polarity A central 
stiomal core is suggested In no other fluid have we found anything 
suggesting a stroma supporting clumps of neoplastic cells, although 
Giaham leported this finding seveial times 

Comment — The patient was dischaiged with a diagnosis of inoper- 
able papillary carcinoma of the ovar}'^ This was not confirmed by 
anothei independent objective method, for no other confirmation of 
the pictuie shown was consideied necessary Later a metastasis 
developed at the site of the paracentesis 

Case 3 — Caicinoma of the Ovaiy (fig 2 [5]) — Six months previously the 
patient, a 49 j^ear old woman, had been operated on for “pus kidney ” For tw'o 
months she had had rectal pain, and for several weeks diarrhea, with bloodj^ stools 
For tw'o weeks her abdomen had been swollen Roentgen examination on admission 
show'ed onlv calcified leiomj'oma The diagnosis on admission w'as probable car- 
cinoma of the large bow'el and splenomegaly Paracentesis was done 

Sections — The sections presented a solid mass of similai appealing 
cells, the majority of which weie probably epithelial cells From such 
areas as appear at A in figure 2 (3), representing these sections a posi- 
tive diagnosis of carcinoma could not be made Similarly at the lowei 
border on the right, at B, the cells immediately aiound what appeals to be 
a large lumen are compressed, have no polarity and are not arranged as 
a true acinus At the upper bordei are three masses of cells more 
definitel}' arranged like epithelial cells The mass at C has only a sug- 
gestive ariangement The right hand mass at D, however, more 
definitely resembles an acinus, but most of its cells are indistinct The 
left hand mass, at E, is undoubtedly half of an acinus In this fluid 
the tumor cells were so numeious that a suspicion of carcinoma ivas 
aroused from a smear stained with Wright’s stain 




Fig 2 — Sections of cellular sediment from abdominal fluid removed from 
patients witli { 4 ) carcinoma of the ovarv (case 2) , X 200, (5) carcinoma of the 
ovarv (case 3) , X 200 (6) carcinoma of the ovarj (case 4) , X 100 (7) car- 

cinoma of the uterus (case 5) X 200 
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Comment — In this patient the sections fiom the sedimented cells 
of the fluid established the diagnosis, although the piiinai}^ site of the 
carcinoma could not be localized Usually it is not possible to identify 
the piimai}^ source of the caicmoma cells lecognized in these eftusions 
In this patient an explorator}' lapaiotomy disclosed caicmoma of the 
ovary with peiitoneal metastases 

Case 4 — Caicinovia of the Ovaiy (fig 2 [d]) — A 48 year old woman had com- 
plained for four months of distention, pain and tenderness of the abdomen and of 
loss of weight She was considered to have quiescent pulmonarj tuberculosis 
with probable tuberculous peritonitis An exploratory operation showed carcinoma 
of the ovary with multiple peritoneal metastases Roentgen treatments uere 
instituted Later there was recurrence of the ascites, and on three occasions 
fluid was removed and the sedimented cells sectioned 

Sections — On all three occasions the sections showed numerous well 
formed acini composed of cuboid epithelial cells Seveial of these acini 
are shown m figure 2 (d) These piesent no difficulty m diagnosis 

Comment — Probably a pieopeiative paracentesis with sectioning of 
the sedimented cells of the fluid would have established the diagnosis 
and made the lapaiotomy unnecessary At all events, the lepeated find- 
ing of caicmoma cells m the aspirated fluid proved the meftectn eness 
of the roentgen treatments 

Case S — Caicmoma of the Utciiis (fig 2 [/]) — In a 60 year old \\oman 
curettage four months before admission revealed carcinoma of the fundus of the 
uterus While she was under treatment for this, her abdomen got larger, and 
she lost weight The ascites was relieved by tapping, and the sedimented cells 
of two specimens of the fluid, removed thirty-five days apart, were sectioned 

Sections — Sections repiesentmg the fiist remotal of fluid showed 
many masses of vacuolated epithelial-like cells, most of which were not 
definite enough to peimit an absolute diagnosis of caicmoma In figuie 
2 (T), such a mass is seen atpA, just above the large acmus-like group 
However, at B, just to the right of the laige acinus, is a cluster m which 
the left hand four cells show the polaiity chaiacteiistic of epithelial cells 
At the extreme top, at C, is anothei group of y^acuolated cells arranged 
as an acinus The airangement seen in the laige oval acinus, is 
never taken except by epithelial cells The vacuolation of the cells con- 
fuses what would otherwise be a picture very easy to mterpiet The 
second examination of fluid showed a few similar gioups of cells 

Comment — In this case, sections of the sedimented cells of the fluid 
confirmed the suspicion that the caicmoma of the uterus had already 
spread to the peritoneum 

Case 6 — Caicmoma in the Lung (fig 3 [S]) — ^A 66 year old woman had pain 
in the lower region of the right side of the chest and loss of v eight for one y^ear 
Eight days before she was admitted to the hospital, a slight cough and dyspnea 
developed, with increase in severity of this pain She was cyanotic and had fluid 
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in her chest Thoracentesis yielded 1,700 cc of fluid and relieved the pain, dyspnea 
and cyanosis A roentgenogram made after this tapping revealed definite car- 
cinoma of the lung 

Sections — ^The sections of the sedimented cells of the fluid showed 
innumerable nests of undoubted epithelial cells, everywhere exhibiting 
polaiity and acinar formation, and the diagnosis of carcinoma was made 
without difficulty At A in figure 3 (8) is seen the confusing vacuolation 
present in some of these cells Some workers have emphasized this 
vacuolation as a characteristic of epithelial cells, but it is by no means 
a constant feature 

Comment — In this instance the sections weie merely confii matory 
of a finally definite clinical diagnosis, but they served to clinch that diag- 
nosis with a biopsy 

Case 7 — Caiciitoma tn the Lung (fig 3 [9]) — A 33 year old woman for two 
months had increasing dyspnea and drj' cough Signs of fluid were found over 
the entire left side of the thorax, and the differential diagnosis was tuberculosis, 
pleurisy or carcinoma of the lung The chest was tapped, and part of the fluid 
was injected into a guinea pig, and sections were made from the sedimented cells 
of the rest Roentgenograms taken after tapping revealed definite carcinoma at 
the base of the left lung 

Sections — The sections showed definite caicmoma, but relatively 
few distinct acini were found In figure 3 (P), in most places the groups 
of cells only suggest epithelial cell acini Pait of one of the two clumps 
at A, howevei, is definitely one half of an acinus composed of high 
columnar cells In each of the other clumps, at B and C, at some place 
about their circumference a few cells present a definite tendency toward 
polarity 

Comment — Here again the fluid made possible a biopsy of an other- 
wise inaccessible growth and established the diagnosis 

Case 8 — Caicmoma in the Lung (fig 3 \10]) — A 69 year old woman had 
vague pains in the left side of the chest for two years Shortly before her admission 
to the hospital flaccid paralysis of the left side developed which had been preceded 
by pain in the left foot of increasing severity On admission she had signs of a 
lesion of the spinal cord and of fluid in the thoracic cavity on the right, and the 
diagnosis of carcinoma of the lung with metastases to the spinal cord was made 
The chest was tapped, and the sedimented cells of the fluid sectioned, but no 
carcinoma cells were found Ten days later the cell mass from fluid obtained b 3 
another tap was sectioned 

Sections — Only a few gioups of undoubted neoplastic cells were 
piesent, but foitunately a group of cells as conclusive as those depicted 
111 figure 3 {10) was found In this gioup there are (1) acinar forma- 
tion, (2) polarity, (3) sharply defined cell membianes and (4) a mitotic 
figure 

Comment — ^Repeated loentgenograms, taken both before and after 
both thoracenteses, were nevei conclusive, and the diagnosis of a neo- 



Fig 3 — Sections of cellular sediment from thoracic fluid removed trom patients 
^Mth (S) carcinoma in the lung (case 6), X 100, (9) caicinoma in the lung 
(case 7) x 100 (10) carcinoma in the lung Cease 8) , X 400, (Jl) carcinoma 
in the lung (case 9) X 200 
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plasm was made entiiety on clinical evidence The sections of the 
sedimented cells from the fluid weie the only objective confirmatoiy 
evidence, but they weie unequivocal 

Case 9 — Caicinonia m the Lung (fig 3 [JI]) — For three months a 64 year old 
man had had pain m the chest, cough, progressive weakness and loss of appetite 
He had lost 18 pounds (8 Kg ) of weight in three weeks He showed only 
clubbed fingers and much fluid in the left side of the chest The differential diag- 
nosis lay between tuberculosis with effusion and caicinoma The chest was tapped 
two days in succession, part of the fluid was cultured, part was injected into 
guinea pigs, and cellular sediment of the fluid was sectioned on both occasions 
The cultures showed no giowth of tubercle bacilli and the lesults of the injections 
were negative 

Sections — On both occasions the sections of the cellulai sediment 
of the fluid showed numerous masses of neoplastic cells Man} acini, 
more definite than those shown in figure 3 (11), were seen However, 
the clump at A is clearly enough composed of epithelial cells to establish 
the diagnosis of caicinoma The field selected for illustration demon- 
strates the large number of isolated, less easily lecognizable cells between 
the cell clumps Many of these separate cells lesemble the unquestion- 
able epithelial cells, many are monoc}tes many are of doubtful origin 
At J? is a cell phagocytosing a vacuolated cell Five mitotic figuies are 
shown, four in the lower right hand clump of cells at C and one in the 
clump at A 

Comment — In this case a i oentgenogram made aftei tapping con- 
firmed the diagnosis of carcinoma of the lung, but the examination of 
the sections of the cellular sediment from the fluid removed on two 
occasions served very conveniently as a biopsy to establish the diagnosis 

SUMMARY or RESULTS 

Over a period of ten years this method of diagnosis, with use of the 
technic discussed and of the criteria for recognition of carcinoma cells, 
has been resoited to in connection with the examination of 145 samples 
of fluid withdrawn from 100 selected patients For all these patients the 
diagnosis of carcinoma was being considered at the time the fluid was 
withdrawn, and it was hoped that a search for neoplastic cells might be 
of diagnostic aid A much laiger numbei of such effusions was with- 
drawn but not examined by this technic because the presence of car- 
cinoma was either obvious or not suspected The 145 samples of fluid 
selected for this type of examination comprised 76 thoracic and 69 
abdominal fluids 

As indicated m table 1, some form of carcinoma was the diagnosis at 
discharge for 60 of these 100 patients and no neoplasm for the other 40 
Sections of the sediments from the fluids showed neoplastic cells in 35, 
01 58 3 per cent, of the 60 cases of carcinoma The highest incidence 
of carcinoma cells (100 per cent) was m the 10 cases of carcinoma of 
the ovary, as would be expected from the well known tendency of this 
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neoplasm towaid pentoneal implantation However, in 50 per cent or 
more of the cases of caicinoma in the lung or in the gastiointestinal 
tract the fluids contained such recognizable neoplastic elements In only 
1 of the 5 cases of metastatic caicinoma of the breast was the condition 
thus diagnosable, however A diagnosis was made by this means in a 
single instance each of carcinoma of the uterus, of caicinoma of the 
panel eas and of malignant melanoma 

At the time of wilting 21 of the 60 patients with carcinoma are alive 
oi cannot be traced The other 39 died of caicinoma within tliiee }ears 
In only 12 cases was permission for an autopsy obtained, and these 
autopsies were confiimatory However, in 19 othei cases operation 

Table 1 — Incidence of Caicinoma Cells in Thoiacic and Abdominal Fluids 


Carcinoma Cells 

Cases m in riuid Cases in 

Which . « , Which 

Gnen Casas Cases Percent Conflrmatorr 

Plud m in ago of i.\ainina 

Was Which Mhieh Cases in tions Pa 


Examined Cells Cells Which , ' , Patients tients 

* , Were Wore Cells W’erc Were Dead at Alive 


Clinical Dngno'is 
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acic 
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inal 
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ent 

Al)- 

sent 

Were Re 
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^0t 

Made 

h Yr 

^ , 
31r 
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Lost 

Carcinoma of ovarj 

10 

0 

10 

10 

0 

100 

9 

1 

3 

4 

3 

Carcinoma of lung 

20 

20 

0 

13 

13 

:o 

19 

7 

13 

0 

11 

Carcinoma of stomach 

7 

0 

7 

4 

3 

57 

7 

0 

4 

0 

3 

Carcinoma of colon 

s 

0 

s 

4 

4 

50 

s 

0 

5 

0 


Carcinoma of breast 

0 

1 

4 

1 

4 

20 

4 

1 

4 

0 

1 

Carcinoma of thyroid 

1 

1 

0 

0 

1 

0 

1 

0 

1 

0 

0 

Malignant melanom i 

1 

1 

0 

1 

0 

100 

1 

0 

1 

0 

0 

Carcinoma of uterus 

1 

0 

1 

1 

0 

100 

1 

0 

0 

1 

0 

Carcinoma of panel e is 

1 

0 

1 

1 

0 

100 

0 

1 

0 

1 

0 

Cases of carcinoma 

60 

29 

31 

35 

25 

5S3 

50 

10 

31 

s 

21 

Cardiac failure 

16 

13 

» 

O 

0 

16 

0 

5 

11 

4 

4 

s 

Cirrhosis of liver 

9 

1 

s 

1 

S 

11 1 

5 

4 

4 

4 

1 

Abscess of lung 

7 

7 

0 

0 

7 

0 

4 

3 

2 

1 

4 

ITuherculosis 

i 

2 

2 

0 

4 

0 

2 

2 

1 

0 

T 

Abscess of liver 

1 

1 

0 

0 

1 

0 

i 

0 

1 

0 

0 

Cjst of liver 

1 

1 

0 

0 

1 

0 

1 

0 

1 

0 

0 

Splenic infarct 

1 

1 

0 

0 

1 

0 

1 

0 

1 

0 

0 

Portal thrombosis 

1 

1 

0 

0 

1 

0 

1 

0 

1 

0 

0 

Oases in which carci 
noma was not picstnt 

10 

26 

14 

1 


2 5 

20 

20 

n 

9 

16 


yielded a confiimatory biopsy In another 19 cases confiimatory objec- 
tn e evidence of carcinoma w as obtained by taking an appropriate i oent- 
genogram Thus, in all but 10 (16 7 per cent) of the 60 cases of 
carcinoma, the clinical diagnosis was confirmed by another, independent 
method, such as loentgen study, operation, biopsy or autopsy In the 
closely controlled smaller group of 31 cases in which the diagnosis of 
carcinoma was proved by an independent study of sections of tissue, 
a^allable because of neciopsy or opeiation or both, there w^eie 20 (64 5 
per cent) in wdiich a positive diagnosis was made on the sections of the 
cellular sediment fiom the fluid 

In onl) a single case of a condition not carcinoma, finally shown to 
be a case of cnihosis of the hvei, Avere carcinoma cells eiioneously 
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reported as piesent in the fluid first removed but not in that removed on 
three subsequent occasions This erroneous lepoit was made early in 
the course of this study In a lecent review of the incoirectly interpreted 
sections it was felt that the same erroi might be made again by one 
inexperienced in examining sectioned sediments Further expeiience 
has demonstrated that ascitic fluids from patients with cirrhosis of the 
liver very often contain groups of large cells which might initially be 
confused with neoplastic epithelium More caieful study of these cells 
with use of the rigid cnteiia discussed m foregoing paragraphs should 
correct this first impression 

In no othei case in which carcinoma was absent was such a diagnosis 
made on the sectioned sediment of the fluid, although 53 fluids from 40 
noncaicinomatous patients were examined It is important that the 
cnteiia and standards finally adopted for any laboratory piocedure 
should be such that the number of erroneous positive reports is reduced 
to an absolute minimum There is a definite tendency to place undue 
emphasis on such presumably objective positive findings The physician 
in charge of a patient is less apt to be misled by an occasional erroneous 
negative laboratoiy leport If he is still in doubt he may wish to repeat 
such an examination on a later occasion 

An interesting incidental observation was made that 46 of these 100 
patients with ascites or hydrothorax survived less than one yeai after 
the fluid had accumulated, and 63 were known to be dead in less than 
three yeais The poor prognosis for patients with fluids in the body 
cavities, from whatever cause, is thus amply confirmed 

REPEATED EXAMINATIONS 

From 70 of this series of 100 patients, only fluid removed on a single 
occasion was available for study , from each of the other 30 patients 
fluid lemoved on two oi moie occasions was centrifuged and the sediment 
sectioned Repeated examinations of this type were usually requested 
by the physician in chai ge of the patient because the observations on the 
first examination disagreed with his clinical diagnosis oi because the 
diagnosis was still in doubt In regard to these 30 patients the final 
clinical diagnosis was carcinoma for 21 and some other condition for 9. 

In table 2 aie presented the observations on the fluids from the 21 
patients with carcinoma who had such examinations on two or more 
occasions In only 4 of the 14 cases of carcinoma in which the lesult 
of the first examination of the fluid was negative were carcinoma cells 
found when the examination of the fluid was repeated Contrariwise, 
m 7 cases in which oiiginally the results weie positive the results of 4 
of the 11 repeat examinations were negative However, in 2 of the 
latter cases, in other repeat examinations carcinoma cells uere found 
Repeat examinations are impoitant and usually helpful when the diag- 
nosis IS still in doubt Sometimes an unequnocal finding uill be thus 
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obtained At othei times tlie most j^ersistent lepetition will not yield a 
conclusne result There is a distinct limitation to the method, which 
must be lecognized As with most piopeily interpreted laboratory pro- 
ceduies, a negative result may be inconclusive even when repeated, 
whereas a positive finding should be legarded as of absolute diagnostic 
significance 


Table 2 — Data on Retreated Exauttnaltons of Tlwiactc and Abdonitnal Fluids 
fiont Patients zoith Caictnoina 


Site of 

Cnrci 

noma 

Fluid 

Lxammed 

Carcinoma Cells Rctealed in 1 xainin itions of fluid 

.Source of 
Independent 
Confirmation 

’ 1st 
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’d 
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3d 
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Lung 
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0 
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0 






Lung 
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0 
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0 





Roentgenogr im 
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0 

b dajs 

0 
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0 
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0 

G dajs 
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0 
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Operation and 
biopsj 
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0 

14 dajs 

0 

10 dajs 
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Roentgenogram 
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Lung 
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0 

S dajs 

0 

al d IJS 




Roentgenogr tin 

Lung 

Thoracic 

Cl 

S dajs 

0 

31 davs 

0 

12 mo 

0 


Colon 

Abdominal 

0 

6 dajs 

0 

2jr 

60 dajs 

0 

8 mo 

0 

Operation and 
biopsy 

Ot nrj 

Abdominal 

0 

10 dajs 

+ 





Operation and 
biopsj 

Lung 

2 horacic 

0 

Odavs 

+ 






Lung 

Thoracic 

0 

a dajs 

+ 






I ung 

Thoracic 

0 

10 daj'S 

+ 

28 d us 

0 




Ovary 

Abdominal 

+ 

7 davs 

0 





Operation and 

biopsj 

Lung 

Thoracic 

■f- 

1 day 

+ 

31 dajs 

0 



Roentgenogram 

Pancreas 

Abdominal 

■f* 

a dajs 

0 

10 dajs 

0 

7 dajs 

+ 


Uterus 

Abdomiml 

4" 

3a days 

+ 





Operation and 
biopsj 

Ot arj 

Abdominal 

+ 

S dajs 

+ 





Operation and 
biopsj 

Lung 

Thoracic 

+ 

12 dajs 

+ 





Operation and 
blopsj 

Ot arr 

Abdominal 

+ 

82 dajc 

+ 

21 dajs 

4" 



Operation and 
biopsj 
neciopsj 


COMMENT 

In making a positive identification of epithelial cells in these sections 
the most useful characteiistic is that the cells in question are oriented 
as if they had a certain degree of polarity The arrangement usually 
IS m the form of a wdiole or a part of an acinus, with or without a lumen 
The cells in such a figure generally have their nuclei in the same relative 
position to the lumen or to the periphery of the acinus , i e , the cells 
exhibit polarity Also, wdien the cells are so arranged their boundaries 
are usually quite distinct, and the epithelial cells have a definite polygonal 
shape, often recognized onl}’' after careful focusing under oil iinmeision 
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Occasionally the cells aie actually clefinitel}' cuboid oi columnai The 
confusing monocytes and the desquamated serosal cells which usuall} 
aie also piesent nevei have these characteiistics Isolated epithelial 
cells, however, are often indistinguishable from the lattei cells 

The diagnosis of carcinoma by examination of thoracic and abdom- 
inal fluids IS quite feasible without resoitmg to any leally new principles 
The method is not puiel} objective, howevei, and it has its limitations 
In the final analysis the conclusion hinges on the opinion of the 
pathologist, on what he sees under the microscope To be of value, 
this opinion must be supported b)' a ceitain amount of experience, but 
this experience is easily gained Other common tests made on exudates, 
such as those taking account of specific gravit}^, total cell count, differ- 
ential cell count, bactei lologic growth and othei features, can be and 
usually are pei formed by technicians Frequentl> the technicians woik 
in a laboratoiy apait fiom the laboiatoiies of pathology, wFere smeais 
of such fluids aie readily prepaied, but not sections of the sedimented 
cells The preparation and examination of sections of exudates foi 
carcinoma cells must be made m the laboiatoiy of pathology In these 
sections the pathologist should lecognize the micioscopic masses of 
neoplastic tissue as leadily as he does gioups of tumoi cells of similar 
dimensions in other, more familiai sections He should not place too 
much dependence on a study of the minute chaiacteiistics of individual 
cells, no matter how^ numerous they are His time will be better spent 
111 a search foi and study of gioups of cells He will then study many 
separate microscopic bits of tissue gatheied togethei into a single section 
This IS quite analogous to the search in such fluids foi pieces of tissue 
large enough to be seen with the naked eye Many have commented on 
the ease of diagnosing a neoplasm b} sectioning such lelatively laige 
bits of tissue 

SUMMARY AND CONCLUSIONS 

The diagnosis of caicinoma can be made leadily on thoiacic and 
ascitic fluids Consistent, lehable lesults can be obtained best by the 
technic of centrifugation of the fluid and fixation, embedding and sec- 
tioning of the sediment The method of utilizing stained oi unstained 
smears was found to be unreliable 

A definite positive diagnosis of caicinoma should be made on such 
sections only after finding groups of definite polygonal cells shoiving 
polarity, sharply distinct cell w'alls and acinai or pseudoacinai foi mation 
Such leadily lecognizable microscopic bits of tumoi tissue are con- 
tained in about 60 pei cent of the fluids accumulating in the cavities 
of the body as the result of carcinoma 

The cells of fluids accumulating in the caMties of the body fiom 
othei causes never assume such a histoid appearance but inaj othei wise 
lesemble carcinoma cells If strict adherence to the aforementioned 
proper, iigid criteria is maintained, a false diagnosis of caicinoma will 
never be made on such a non-neoplastic fluid 



CEREBRAL LESIONS IN HYPOGLYCEMIA 

III EXPERIMENTAL INVESTIGATIONS 

A B BAKER, MD 

MINNEAPOLIb 

The continued inteiest in h)'poglycemia as a therapeutic agent has 
given a definite impetus to investigation of the lesulting cerebral changes. 
The value of a thorough knowledge of the alteiations produced in the 
brain by such treatment is of impoitance for an undei standing not only 
of the mechanism of the beneficial lesults of this treatment but also 
of the dangers that might be involved because of the peimanent damage 
and often continuing destruction of biain 

During the past few years there have appeared in the hteiatuie 
spoiadic reports desciibmg definite cerebral damage in peisons sufiermg 
from h3fpoglycemia (Wolf and others,^ Morsier and Mozer,- Salm,* 
Lindsay and otheis,^ Moeisch and Kernohan,® Kobler ®) Biain 
changes of a sinular natuie have been lecorded in the expeiimental 
animal Scheieschewsky and his co-woikers ’ pioduced acute and 
chronic insulin poisoning in dogs The biain tissue of these animals 
contained numerous old and new hemoi i hages as well as many desti oyed 
cortical nerve cells These changes were scattei ed thi oughout the 
central neivous system but vaiied m intensity fiom animal to animal. 
Stief and Tokay® and GiayzeH described changes occuning almost 
exclusively in the neive cells Stief and Tokay produced their alterations 
in 4 rabbits and 4 dogs The nerve cell changes varied from mild 
paling of the cell cytoplasm to complete chromatolysis, vacuolation, 

From the Division of Nervous and Mental Diseases, University of Alinnesota 
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liquefaction and even pyknosis of the entne cell structuie In the 
cases of acute poisoning theie was no glial reaction, but in the chronic 
cases theie lesulted extensive astrocytic pioliferation with the foimation 
of glial rosettes Occasional softened areas were also observed Grayzel 
limited his experiments to rabbits, in which he produced repeated hypo- 
glycemic convulsions over a peiiod of thiee months The lesultmg 
damage to the biain tissue varied fiom areas of hyperchromatic cells to 
zones of necrobiosis with mild glial prolifeiation Grayzel believed that 
the severity of the cerebial changes depended on the frequency and 
intensity of the convulsions regardless of the amount of insulin injected 
He concluded that even one convulsion, if severe and piolonged enough, 
was capable of producing definite lesions within the central nervous 
system Dunnei and his co-workeis’® and Schmid,^^ experimenting- 
with dogs and rabbits, lespectively, also reported ceiebral changes after 
a prolonged senes of hypoglycemic reactions Both investigators empha- 
sized the vasculai changes Dunner was impressed by the extensive 
endothelial proliferation and new vessel formation Hemorrhages and 
foci of encephalomalacia were also observed Schmid likewise found 
conspicuous vascular changes in his animals These were associated 
with prominent maiginal gliosis, diffuse swelling of the astrocytes 
and definite glial reaction within the basal nuclei During the past 
few years further observations on the damage to nerve cells in experi- 
mental hypoglycemia have been reported by Tam and Weil and his 
co-woikers Tam produced, besides these cell changes, increase in 
glia, sclerosis of the cornu ammonis and softening in the substantia 
nigri The seventy of the changes did not parallel the number of 
hypoglycemic attacks, since some animals with very few attacks presented 
severe damage of the brain Tam suggested that these differences weie 
influenced by the individual variations in the cerebral vascular supply 
Weil and his co-workeis were particularly impressed by the alterations 
in the ganglion cells They described both acute and chronic changes , 
the former consisting of liquefaction, vacuolation and homogenization , 
the lattei, of shrinkage and pyknosis There was definite diminution in 
the number of neurons throughout the cortex Proliferation of the 
macroglia was obseived m the more chronic experiments The vascular 
changes were mild and were associated with some proliferation of the 
vasculai endothelium The total dose of insulin used in these animals 
varied fwm 28 to 402 units Well and Ins associates concluded that 

10 Dunner, L , Ostertag, B , and Thannhauser, S Khn Wchnschr 12 1054, 
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11 Schmid, H Ann med-psychol 94 658, 1936 

12 Tam, N Zentralbl f d ges Neurol u Psychiat 80 30, 1936 

13 Weil, A , Liebert, E, and Heilbrunn, G Arch Neurol & Psychiat 39 
467, 1938 



300 


ARCHIVES OF PATHOLOGY 


the labbits recening the laigei doses of insuhn showed the moie 
extensive histologic changes and that lepeated h} poglyceinic leactions 
with small amounts of insuhn resulted m little or no damage of the 
hi am, unless the total dose was sufficient to cause such damage 

The motivation of the piesent studies on hypogl}cemia was provided 
In the widespiead chionic alteiations observed m the ceiehral tissues 
of the human mateiial examined b\ me’‘ It was deemed of distinct 
value to determine whethei these ceiebial changes could be consistently 
lepioduced experimentally in animals The chief interest in the present 
investigations was centered on the chronic and apparently peimanent 
damage of the brain found months after the discontinuation of hypo- 
glvcemic shocks The acute changes lecoided vveie only incidental 
obsei v'ations in those animals d}ing unexpectedly during the experi- 
ments 

EXPERIMENTAL INVESTIGATIONS 

The 26 rabbits used in these studies were divided into thiee gioups 
The 7 labbits in the fiist gioup weie subjected to as seveie and 
prolonged a hypogljcemic reaction as thej could safely tolerate Thev 
were then allowed to liv^e as long as one bundled and thiity dajs and 
an attempt was made to deteimine the influence of a single sev'ere 
leaction on the hi am tissue 

The second group contained 13 animals These vveie given repeated 
hypoglycemic reactions at vveekh inteivals ov^ei a period of months, 
the numbei of total shocks per animal v'arying from seven to nineteen 
The rabbits vveie then allovv^ed to live fiom one to one bundled days, 
aftei which a stud) was made of the possible damage pioduced in the 
biain by these lepeated cerebial insults 

In the last group were placed 6 labbits used as controls and kept 
m the same laboratoiy as the expeiimental animals Hypoghcemia was 
pioduced hy intrav^enous injection of insuhn into labbits staived for 
eighteen hours prior to the onset of each experiment The individual 
dose v’-aiied fiom 10 to 30 units Such a piocedure pioduced v^ery 
uniform and constant results From one to tvv'-o hours aftei the injection 
the animals began to manifest the fiist eftects of the hj'^perinsuhnism 
Some would become v^ery quiet and umeactive and shoitlj" aftei vvaid 
would pass into a state of complete flaccidity and coma It was soon 
learned that the lattei condition was v'eiy dangerous and requiied 
piompt treatment with intravenous injection of dextiose in older to 
foiestall the death of the animal A second tjpe of reaction consisted 
of the dev^elopment of moderate or extreme h) penrritabilitv External 
stimuli would at once produce spasticity of the entire animal After 
some time these rabbits would begin to manifest convulsiv>^e sei/uies 

14 (fl) Baker, A B , and Lufkin, N H Arch Path 23 190, 1937 (b) Baker, 
A B ibid 26 765, 1938 
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lasting about twenty seconds and lecufiing eveiy ten to twenty minutes 
These leactions weie not particularh dangeious but were invaiiably 
followed by a comatose condition that was very hazardous The shock 
was usually discontinued befoie the onset of this stage 

HISTOLOGIC OBSERVATIONS 

Gioup 1 — Of these 7 animals only a single rabbit failed to recover from the 
shock therapy The rest were killed from one to four months later 

Early Changes These were limited almost exclusively to the cortical nerve 
cells, which presented fairlv typical acute changes with swelling of the cell bodv 
and moderate tigrolvsis Their cytoplasm was usually pale and often vacuolated 
The nuclei were, as a rule, intact, although occasionally eccentric m position 
More intense damage, when present, resulted m complete fading out of nerve 
cells to form “ghost cells” When complete destruction occuried, there could be 
seen large clear spaces containing an occasional cytoplasmic fragment or an 
isolated nucleus but no demonstrable cell body These acute and subacute changes 
were generalized, being at no time limited to any single region The injured cells 
were usually interspersed among the unharmed and structurally normal elements 
Glial changes were not observed 

Chronic Changes The damage observed m the biains of those animals which 
lived for long periods after the single cerebral insult was much less striking 
than the acute changes Most of the nerve cells appeared intact There were a 
few shrunken, irregular cells within the cerebral cortex These were markedly 
pvknotic and contained irregular clumped cytoplasmic granules, tortuous and often 
fragmented processes and eccentrically placed irregular nuclei 

The macroglia presented mild proliferation They were moderately increased 
in number, but their nuclei remained fairly uniform in appearance This glial pro- 
liferation was scattered throughout the brain tissue and often occurred m small 
localized areas to form tiny glial nodules 

Petechial hemorrhages were not uncommon These bleedings were discrete, of 
a ball type and limited primarily to the white substance in the vicinity of the 
blood vessels None of these hemorrhages appeared to h"ve caused destruction 
of the adjacent brain tissue 

COMMENT 

The cerebral changes resulting from a single severe prolonged h)'^po- 
glycemic leaction varied, depending on the stage at which the tissue was 
studied Shortly aftei lecovery from the shock there occtiired acute 
swelling of the neive cells This eaily cell leaction appeared to be 
lev'^eisible and tended to disappear in a shoit time A few cells, how- 
evei, were moie seveiely injured and degeneiated into a stage of 
chronic alteiation and nonfunction A leaction on the pait of the glial 
elements was found only as a chionic piocess but was nevei conspicuous 
in these cases of single cerebial insults 

Gioup 2 — As stated previously, the numbei of hvpoglvcemic shocks admin- 
istered to these animals ranged from seven to nineteen, while the total time that 
elapsed from the onset of treatment until the brain was removed for stud> 
varied from fortv-nme to one hundred and iimetj davs One hundred md nmetv 
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days seemed an adequate period for the appearance of all possible hpes of 
permanent cerebral damage 

The alterations m the nerve cells were not conspicuous As a rule some cells 
could be found that were shrunken and free from Nissl substance Their processes 
were narrowed and irregular, and the entire cell seemed to be collapsed around an 
irregular, pvknotic nucleus These changes were scattered with no tendency to 
localize in any special region of the brain In a rabbit that had obtained nineteen 
hypogbxemic reactions the cells in many cortical areas had undergone extensive 
fragmentation, liquefaction and even actual disappearance Peculiarly enough, 
the adjacent cortical cells were intact The damage of the nerve cells seemed to 
parallel the number of cerebral insults suffered b\ the animals, those with the 
greatest number of attacks of hypoglvcemia presenting the most se\ere chronic 
alterations of the nerve cells 

The macroglia presented some of the most striking changes These varied 
from mild diffuse increase to extensiv'e proliferation, with extreme v'ariations in 
the size and shape of the young astrocytes (see A in figure) Frequently this glial 
increase remained well localized, producing subpial or perivascular gliosis The 
latter was the more common and m some regions obliterated the vessel wall and 
extended into the adjacent brain tissue Focal increase in the macroglia unasso- 
ciated with vessels was also very common These ghal nodules v'aried in size 
from some composed of only a few proliferating astrocjtes to others containing an 
extensive cellular reaction covering large areas of tissue The macroghal reactions 
appeared to hav^e very little relationship to either the number of hj poglj ceniic 
reactions or to the quantity of insulin injected into the animals It was quite 
apparent that the macroghal changes were much slow'er m onset than those of the 
nerve cells and that sufficient time had to be allow’ed for them to become apparent 

Injury to the myelin sheaths was also prominent The milder lesions consisted 
of focal or diffuse demyehnation with accumulation of microglia around and 
w'lthin these softened areas Many regions had completely lost their tinctorial 
properties, although actual demyehnation was not jet apparent In the more 
advanced lesions complete destruction of the tissue had occurred, producing many 
small irregular cavitations (5 in figure) These w'ere occasionally lined by gha and 
often contained red cells that had extravasated from adjacent capillaries In some 
areas there occurred very irregular myelin degeneration, giving to the brain tissue 
a peculiar vacuolated appearance (C in figure) In these regions the astrocytes 
occasionally proliferated to replace the destroyed areas As m the previous 
brain changes, the severity and extensiv^eness of the myelin injurj'^ did not seem 
to be related either to the number of hypoglycemic reactions or to the amount 
of insulin given the animals 

Vascular changes of some type were observed in almost every case Vascular 
congestion was conspicuous Hemorrhages were an almost constant finding and 
varied from a few perivascular erythrocytes to extensive bleedings that destroyed 
brain tissue and occasionally tore through the cortex into the subarachnoid space 
The petechiae were almost exclusively of a ball type and usually remained discrete, 
with little or no injury to the surrounding substance (D in figure) Larger 
hemorrhages were unusual but when present invariably destroyed some of the 
adjacent brain tissue and produced fairly large areas of surrounding demyehnation 
(jD in figure) Hemorrhages also occurred within the cortex, where the larger 
ones often extended through into the subarachnoid space In some of the bleedings 
the red cells had already undergone complete hemolysis with the formation of a 
homogeneous mass Hemosiderin granules could also be found scattered in some 
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of the injured brain tissue The quantity of hemorrliages laried from animal to 
animal They tended to be most common in those rabbits that had had the greatest 
number of hj'poglj cemic shocks 

COMMENT 

These histologic studies of the neivous system of labbits exposed 
to varying degrees of htpoglycemic shock indicate that such treatment 
produces widespiead seveie damage of the brain, which is even inoie 
maiked in the chronic phases of its development than m the acute stages 
In the chronic stages of such injury the ner\e cell changes aie not 
conspicuous but are surpassed in intensitj bj the ceiebial petechiae, 
the areas of demjrelmation and the diffuse and focal glial jjrohferation 
Chronic cerebial tissue alteration of a similai natuie has already been 
mentioned in sporadic cases in man (Lindsay and others, * Hartman, 
Salin , ® Morsier and Mozer,- Baker Aiw single one or any 

combination of these alterations is quite capable of producing severe 
lasting injury of the biain 

The question arises as to the explanation of such extensne damage 
of the brain Weil and his co-workeis were of the opinion that the 
total dose of insulin and the seventy of the cerebral injur3>- were in 
some way closely i elated Such a correlation was not observed in the 
present studies A moie likely explanation might be found in the fre- 
quency and seventy of the possible cerebral anoxemia produced by the 
hypoglycemic leactions Impaired nutrition of the brain must accom- 
pany hypoglycemia It is well known that cerebial changes follow 
ciiculatory disturbances due to impairment of cerebral circulation Such 
alterations have been described in man by Doring and Kanimj’’ 

In persons dying from obstiuction of the cerebral circulation they 
observed injury of neive cells inanj^ small diffuse areas of demyelina- 
tion and focal areas of ghal proliferation Similai changes were pro- 
duced expel imentall)" in cats b)'- Gildea and Cobb by ligation of the 
carotid arteries In hj^poglycemia it is probable that a similar circulatory 
disturbance results, only here it is of a qualitative nature inasmuch 
as the blood reaching the ceiebral tissues is deficient in the proper 
nutritive materials 

SUMMARY 

Rabbits weie subjected to repeated hj^poglycemic reactions and their 
nerve tissues studied months after the last reaction in order to evaluate 
the resulting chronic and permanent damage of the brain 
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Although nerve cell changes did occur, these weie by no means as 
stiiking as the ceiebial hemonhages, the aieas of demyehnation and 
encephalomalacia and the ghal leactions 

No coi relation could be found between the total dose of insulin 
administered and the seveiit}^ of the damage of the brain 

It IS suggested that the cerebial damage in hypoglycemia might 
be due to a qualitative circulatory distuibance inasmuch as the blood 
reaching the brain is deficient m the pioper nutritive mateiials 

Federal Aid students assisted in the care of the animals during these experi- 
ments 



NEW FORMATION OF ELASTIC TISSUE IN ADHESIONS 
BETWEEN SEROUS MEMBRANES AND IN 
MYOCARDIAL SCARS 

C H BUNTING, MD 

MADIS01\, WIS 

Some years ago, m collaboi ation with Di Gayloid Coon, I made 
some preliminary experiments m an attempt to find undei what con- 
ditions elastic tissue might he laid down in repair tissue These experi- 
ments went only so fai as the demonstration that in the scar tissue 
that resulted from the healing of ulcers of the skin of rahhits theie 
was no new formation of elastic tissue Theie N\as, howe\er, slight 
evidence of growth of the cut fiheis at the edges of the wounds in the 
foim of a hrushlike extension of short delicate fihrils fiom these fibers 
The only other positive observation in the series of sections was that 
the youngest connective tissue fibeis, i e, the ones immediately around 
the fibroblasts in the developing repaii tissue, were argentaffin m speci- 
mens stained with the Bielschowsky silvei stain, vhile the inoie distant, 
older fibers took the oiange-yellow stain of collagenous tissue 

At that time the idea was pi esent in our minds, from the distribution 
of elastic tissue in the bod}’- and from its new foimation in such loca- 
tions as the intima of an aitery, the seat of endarteiitis, that if one 
could subject developing connective tissue to pi oti acted alternations of 
tension and relaxation, the development of elastic fibeis might be 
obtained Howevei, an appiopriate experimental setup did not present 
itself at that time, and the study was dropped 

Recently it occuried to me that m a vaiiety of pathologic piocesses 
in man nature has pei formed the desired experiment, and this has 
led to the present study The experiment par excellence is that in 
which vascularized fibrous adhesions have resulted from the organization 
of an adhesive fibrinous exudate m a serous cavity Such connective 
tissue strands, joining the two layers of the pericardium, are subject to 
variation in tension with every heart beat , and those of the pleura, v ith 
every respiration Myocardial scar tissue, likewise, is subjected to varia- 
tions m tension during the cardiac cycle 

The first case studied was that of a woman of 46 who gave a history 
of rheumatic fever at the age of 10 years and “heart tiouble” fiom 

From the Department of Patholog3' of the Unnersitv of Wisconsin 
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that time on At postmoitem examination there were found, in addi- 
tion to valvulai lesions and a hyperti opined heait (480 Gm ), a scarred 
inyocardmin and chionic fibious adhesions between the parietal and 
the visceial layer of the peiicardium over the left ventncle and left 
auricle Histologic sections of these adhesions stained by the Weigeit 
elastic tissue stain show a well marked development of elastic tissue 
(fig 1) Theie is a consideiable network about the new blood vessels 
and adjacent to them, but also heavy stiands, independent of the blood 
vessels, are found extending in a line parallel to the line of tension in 
the adhesion While much of this has the sharp double contour of 
active, healthy elastic fibers, in many places there is evidence of degen- 
eration The fibei s ai e broken and granulai and present a fuzzy appear- 
ance The visceial peiicaidium itself shows a marked increase in 
elastic tissue beneath the adhesions There are heavy fibers not only in 
the submesothehal fibiillar tissue but also in the deeper layers of the 
membiane and even among the adipose tissue cells 

Sections of a myocaidial scar in the same heait showed, with the 
Weigert elastic tissue stain, an extremely dense development of heavy 
elastic fibers i tinning parallel to one another and to the intervening 
collagenous fibei s and adjacent muscle fibers The fibei s weie so numer- 
ous and so closely packed that the specificity of the stain was under 
suspicion until close observation showed at the edges the chaiactenstic 
doubly contoured branching fibers (fig 2B) 

These specimens aie not unique Figure 2 A is from an elastic tissue 
stain of the seal of an old infarct m the 1,060 Gm heart of a 54 year 
old man with generalized ai teriosclei osis, including maiked involvement 
of the coronary arteiies The section is cut somewhat obliquely to the 
direction of muscle and scai tissue but indicates perhaps better the 
typical morphologic picture of the cut heavy elastic fibers than a dnectly 
parallel section 

In all othei cases of adherent pericardium and of myocardial scars 
examined, new formation of elastic fibers has been found Such new 
growth IS present not only m fibrillar adhesions between the seious 
surfaces but also m diffuse or univeisal adhesions In all cases the 
direction of the main elastic fibers has been parallel to the apparent line 
of tension, i e , parallel to the connective tissue bundles or to the 
heart muscle fibers 

In the fibrous thickening of the endocardium of the walls of dilated 
chambers of the heait there is also an increased elastic fiber content, but 
in this location it is more difficult to determine that it is not the result 
of a development from the preexisting normal elastica of the endo- 
caidium 





adhesrons Photomicrograph of visceral pericardium and fibrous 

^^elgert elastic tfssue°slaln^ otomicrograph of a single adhesion in the same case, 
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Fjg 2 — A, photomicrograph of old scar of a 
lissue stain B, edge of mrocaidial scar in the 
figure 1 


cardiac infarct, Weigert elastic 
same case as tissue shown in 
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A similai development of elastic tissue, although somewhat less exten- 
sive, has been found m all pleural adhesions which have been examined, 
both the diffuse and the fibrillai type The new fibeis are found not 
only 111 connection with the new capillaiies, among the older of which 
they form a definite layei of the vessel wall, but among the collagenous 
fibeis and to a large extent definitely parallel to them Fiom previous 



Fig 3 — High power photomicrograph of chronic fibrous pleural adhesions, 
Weigert elastic tissue stain 


expel imental woik this appears to indicate that they are laid down 
parallel to the line of tension ^ In figure 3 is leproduced a typical pic- 
ture of pleural fibrillar adhesions stained by the elastic tissue stain At 
the left of the photograph it ma)'^ be seen that the elastic fibei of the 
adhesion is continuous with a newly developed elastic fiber which lies 
outside of the elastica propria of the visceral pleuia and is unconnected 
with It 


1 Bunting, C H , and Fades, C C J Exper Med 44 147, 1926 
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A featuie of ceitam j^leural adhesions which deseives fuither study 
IS a new giowth of smooth muscle Ijoth in the visceral pleura and in 
the adhesion itself In the pleuia the muscle cells appear to be asso- 
ciated chiefly with the lymphatics In the adhesions some bands ot 
muscle are in association with newly foimed vessels and otheis aie 
quite independent of them 

In a fibrillar adhesion between the spleen and diaphragm a definite 
but not extensive new foimation of elastic tissue was found 

Checking these findings with old repaii tissue in man, one finds that 
\vheie the lattei is not subject to an_v maiked inteimittent strain the 
findings agiee with those m the rabbit Elastic tissue is not laid down 
among the collagenous bundles There may be some neiv tissue of elastic 
type laid down m association with the new vessels, paiallel to them, 
and usually perpendiculai to the nev connective tissue 

Whether oi not these findings aie sufficient to establish the thesis 
that tension, and piobablj^ intermittent tension of the tissue, is the factoi 
that determines the formation of elastic tissue in repaii may be ques- 
loned The development of elastic tissue in the lung, howevei seems 
to follow the establishment of respiratory activity if one may accept 
as fact that there are intrauterine lespiratoiy mocements In the lungs 
of a 6 5 cm fetus there was well developed elastic tissue only in the 
vessels noth a few delicate fibrils beginning to show in the walls of the 
trachea and largei bionchi In 2 fetuses 30 cm in length tbeie were a 
delicate subinesothelial line of elastic fiber in the pleura, a subepithehal 
layer m the largei and medium-sized bronchi and few dots and short 
delicate fibiils (best brought out by an orcein stain) in the respiratoiy 
bronchioles and ductuh alveolares In 2 fetuses of 41 and 42 cm length, 
the pleural elastic layei consisted m the mam of a single layei, but in 
some places it was doubled W ithin the lung the musculoelastic layer of 
the respiratoiy bionchioles was sharpl}^ developed, their alveoli, how- 
evei, show^ed no elastic tissue in the walls 

This condition persists until the time of birth, and, in fact, until 
some months aftei biith — foi it is only in children 7 months old that 
I have found the beginning of elastic tissue in the alveolar walls, and 
only in children 10 months old that it is well developed In this same 
Intel val the elastica propiia of the pleura has become a double or even 
triple layer structure with interlacing fibrds It seems, then that elastic 
tissue m the lung is developed only with increasing activity of that 
organ 

It was not the purpose of this study to tiy to answer the old question 
as to whether elastic tissue is laid down as such by connective tissue cells 
or whether pieexisting collagenous fibers aie converted into elastic 
tissue I doubt that the specimens studied can give a satisfactory answ'er 
One may convince oneself from the i elation of the elastic fibeis to 
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collagenous bundles in an old myocardial scar that the elastic fibers 
must be due to a conversion of the collagenous tissue and then be con- 
fronted with a moie lecent pleural adhesion in which teiminal edema 
had widely sepaiated the elements and in uhich the new elastic fibers 
are so closely applied to the young fibroblasts that it seemed that they 
must be a direct lesult of cellulai activity It is, of couise, possible that 
elastic fibei is formed by both methods 

In conclusion I would note that in adhesions between serous mem- 
bianes and in scais, uhere both aie subject to alternations of tension 
and lelaxation abundant elastic tissue is developed with its main diiec- 
tion parallel to the line of tension The excess development in such 
areas in contrast to that in scar tissue in other locations seems to indi- 
cate the importance of this mechanical stimulus to its development 
Other factois are of course not excluded 



HISTOLOGIC STUDY OF RLPAKAllON OF EXPERI- 
MENTALLY PRODUCED DEFECTS IN 
CALVARIUMS OF RATS 

CHARLES J SUTRO, M D 

AND 

SHELDON A JACOBSON, MD 

NEW \ORK 

That fractures and defects of the calvarium heal slowly or not at all 
has been a fiequent obseivation Most of the reports in the literature are 
based on clinical investigations m man The lack of exact knowledge 
concerning the processes involved seemed to wairant an experimental 
investigation into the matter 

The study was conducted in the following fashion 

Two groups of albino rats, unselected for sex and averaging, respectively, 
around 80 and ISO Gm in weight, were subjected to operation With the rat under 
amytal anesthesia, a midline sagittal incision was made in the skin over the cal- 
varium The point of the scissors was piessed through the parietal bone on one 
side, with as little damage to the brain as might be, and a triangular piece of 
bone measuring approximately 3 mm on each side was removed The skin was 
then sutured The animals were kept on stock diets and killed at the periods of 
time after operation shown in the table 

For the histologic examination, the head was removed, sawed partly in half along 
the midline and fixed in Zenker’s solution, and then both sides weie sectioned and 
the sections stained with hematoxylin and eosin 

OBSERVATIONS 

Young Rats (80 Gni ) — It was found that a few fragments of bone 
were left as a result of the operative procedure There was a con- 
siderable amount of hemorihage but only superficial destruction of the 

"’‘Frauenthal Orthopedic Travel Fellow (1937) 

From the Laboratory Division, Hospital for Joint Diseases 
1 Meade, R H Med -Chir Tr 23 390, 1840 Watson, A Edinburgh M J 
63 302, 1845 Weist, J K Cincinnati Lancet & Obs 9 155, 1866 Shoemaker, 
G E Philadelphia M Times 13 745, 1883 Billroth, T General Surgical 
Pathology and Therapeutics, translated and revised by C E Hackley, New York, 
D Appleton and Company, 1886 Helferich, H On Fiactures and Dislocations, 
New York, William Wood & Company, 1899 Koenig, F Lehrbuch der speciellen 
Chirurgie, Berlin, A Hirschwald, 1875, vol 1, p 38 Macewen, W The Growth 
of Bone, Glasgow, J Maclehose & Sons, 1912 Naffziger, H C , and Glaser, AI 
A Surg , Gynec & Obst 51 17, 1930 Wakeley, C P G Practitioner 127 75, 
1931 Ireland, J Arch Surg 24 23, 1932 Troitzky, W Ztschr f IMorphol 
u Anthropol 30 504, 1932 Wright, L T , Greene, J J , and Smith, D H Arch. 
Surg 27 878, 1933 Echlin, F ibid 28 357, 1934 Earley, D E J A A. 
104 2332, 1935 
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biain None of the animals exhibited obvious neuiologic defects The 
hemonhage was quickly lesoibed After a lapse of eight days the gap 
■was closed by a membiane of usually not veiy cellular fibrous connec- 
tive tissue There was localized necrosis of the fiactured ends The 
pericranial membiane had undergone proliferation to a moderate degree, 
as had the duia Both lateral sides of the skull showed this change At 
this early period ossification had already commenced in the peiiosteuni 
near the fractured edge but uas exceedingly limited m extent The 
pericranium was the more active in this phenomenon By the thirteenth 
day the corneis of the defect had been completely budged by new bone, 
■v\hile the widei pait had granulation tissue only (fig 1 A) 

In the eighth week newly formed fiber hone had i educed the cavity 
by half Near the defect theie was little periosteal activity on eithei the 


Inioval Between Expeumcnial Pi oductwn of Defect vi Rat’s SLull and 
Histologic Examination of Re pan of Defect 



Aoung Rats (80 Gm ) 

* 


-Adult Rats (150 Gin ) 

Rats 

Interval 

Rats 

Interv al 

1 

4 dats 

1 

4 hours 

1 

S dais 

1 

2 days 

1 

13 days 

1 

4 dais 

1 

53 dais 

r> 

o 

S days 

1 

SO days 

1 

11 dais 

1 

90 days 

0 

14 days 

1 

140 days 

1 

17 days 

1 

130 dais 

1 

21 dais 

1 

ISO dais 

1 

30 dais 

2 

300 days 

1 

130 dais 



1 

175 days 



1 

210 days 



1 

300 days 

outside 

or the inside of the calvarium 

Aftei 

fiA^e months the site of 


operation was no longei identifiable 

AditU Rats (150 Gvi ) — The initial appeaiance of the lesion Avas 
similar to that already described By the fouith day theie had been 
some pencianial proliferation on both lateral sides of the skull On the 
'eighth day also the tAvo pictures Avere A^ery similai (fig IB) In 
diffeient rats the dura or the peiicranium might assume the main 
burden of bony leplacement One case, indeed, Avas noted m Avhicli 
theie Avas already considerable neAv bone m the defect 

In the ensuing Aveeks the picture changed sloAvly (fig 2 A) Shelves 
of ncAvl}^ foimed bone appeared on the fractme edges and began to bridge 
the gap This Avas usually a maikedly asymmetric piocess, one side 
pai ticipating hardly at all (fig 2 B) Canalization of the neA\^ bone had 
hegun 
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In 2 lats examined fouiteen and seventeen days aftei operation, 
respectively, buttons of excised bone had madveitently been left m place 
These uere serving as scaffolds foi osteogenesis — in one rat, by the 
periosteum of the fragment, and m the other, by invasion of the diploe 
fiom the bioken ends (fig 3) A thirty day period brought about 
no advance of the process 



Fig 1 ~A, photomicrograph showing the narrower part of the defect bridged 
by new bone , X 30 Note (arrow) the newly formed dural membrane Brain is 
seen in the lower half of the picture (i>) B, photomicrograph showing a densely 
cellulai mass of fibrous connective tissue filling in the gap after an interval of 
eight davs , X 20 

Some of the histologic piepaiations of animals killed at one hundred 
and seventy-five days showed the defect still present and bridged only 
by a lather pooily cellular connective tissue membiane The pericranium 




Fig 2 — A, photomicrograph showing absence of osteogenesis in the cal\arial 
gap after fourteen days, X 30 Note the free piece of necrotic original cahanal 
bone B, photomicrograph revealing a tongue of fiber bone spreading across the 
defect (arrow) after an interval of eleven days , X 20 



dural membrane (arrow ) 


316 




SUTRO-JACOBSON— REPAIR IN SKULLS OF RATS 


317 


and dm a ^^ele quiescent and \^ele being lestoied in the detect Theie 
had been thickening of the fiacUued edges with healing in some neciotic 
fragments Other slides, piobably from naiiowei poitions of the 
incisions, showed complete bony continuity, with excessive bone on the 
inner side 

It IS noteworthy that no\\heie was tine callus encounteied There 
ueie indeed a vei}'^ few feeble attempts at metaplastic ossification on the 
pait ot the connective tissue which closed the wound m the calvarium 
Nowheie, howevei, did this reach an extent oi vitaht} comparable to 
that commonly seen after fracture of a long bone Indeed, it vas foi 
the most part so sluggish m appearance, so poorly cellular and ill 
vascular ired that it haidly meiits the appellation ot gianulation tissue 
It IS perhaps worth mentioning that cartilage did not derelop On the 
contiai}^ where bony bridges appealed, the\ seemed to be the result ot a 
steady progression, probably through the mtei mediation of osteoblasts 
from the broken edges, outward across the opening Intection occuiied 
111 a few instances and seemed to exercise a depressing influence on the 
healing process Only once w'as it seieie Ihe finding of bony thick- 
ening of the fractuie edges may be con elated with the occasional 
roentgenogiaphic obsenation of inci eased densit} along the old fiactuie 
lines in man - 

SUMMARY 

The reparation of expei imentally produced defects m the calvariums 
of lats was slow In the young rats the defects were i educed by newly 
foimed fiber bone to only one half of the original area aftei a period of 
eight weeks In the oldei lats the defects w^ere noted even after one 
hundred and seventy-five days 

2 Stewart, W H Bnt J Radiol 30 399, 1925 lihg, W Fortschr a d 
Geb d Rontgenstrahlen 43 76, 1931 Lindemann, E A.rch f Ohiui-, Nasen- u 
Kehlkopfh 135 25, 1933 Glaser, M A , and Blame, E S JAMA 107 21, 
1936 Vance, R G Am T Roentgenol 36 744, 1936 



CHEMOTROPISM OF HUMAN EOSINOPHILIC POLY- 
MORPHONUCLEAR LEUKOCYTES 


EDGAR S INGRAHAM, MD 

AND 

WILLIAM B WARTMAN, MD 

CLEVELAND 

Although a gieat deal is known about the function of neutrophilic 
leukocytes in inflammation, this is fai fiom being tiue m regaid to 
potymorphonuclear eosinophils As far as can be determined by search 
of the literature it is not known wdiethei these cells in man show 
chemotaxis eithei to bacteiia oi to those animal paiasites which cause 
eosmophiha Rosegger ^ leported that Ascaris attracts eosinophils 
obtained fiom hoise blood His lepoit is based on a cinematographic 
stud}'^ of the behavioi of a A^eiy tew’^ cells, and the lesults cannot be 
analyzed statistical!}^ The lack of knowledge concerning eosinophils is, 
of course, due to the difficulty of obtaining enough cells foi adequate 
expel iments Recently w^e had the good foitune to see 2 patients who 
supplied us wuth gieat numbeis of polymorphonuclear eosinophils One 
of them had eosinophilic myelogenous leukemia and the other dermatitis 
herpetiformis The chemotaxis of eosinophils obtained from these 
patients w^as studied in Autio wuth bacteiia, Trichinella spiralis and 
Witte’s peptone as souices of atti action The chemotiopism show'ii 
Avas compaied AVith that of polymorphonuclear neutrophils obtained 
from healthy persons 

METHODS 

The eosinophils used in the experiments were obtained from two sources 
(1) the fluid of fresh bullae of the patient with dermatitis herpetifoimis , (2) blood 
obtained bj^ puncture of a finger of the patient with m 3 '’elogenous leukemia of 
eosinophilic tipe Blood obtained in the same manner from health}^ adults w'as 
used as a source of neutrophils The fluid of the bullae contained 76 per cent 
eosinophils, many of which were degenerate and moved poorly The patient with 
leukemia had a total leukocyte count of approximately 30,000, with 70 to SO 
per cent adult eosinophils, which morphologically Avere identical with the eosino- 
phils seen m the circulating blood of healttiy adults The attracting substances used 
were (1) twenty-four hour cultures of Staphylococcus aureus, (2) dried, ground 
Trichinella spiralis, (3) Witte’s peptone The peptone was adsorbed to titanium 
dioxide in order to ha^e a visible target 

From the Institute of Pathologj’^, Western Reserve University and UniversitA 
Hospitals 

1 Rosegger, H Ztschr f d ges exper kled 85 712, 1932 
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A fragment of one of the atti acting substances was fixed on a glass slide by 
diying A drop of blood or of fluid fiom a bulla was placed on a covei slip and 
spread over the test substance, which thus formed a small taiget on the slide 
The movements of leukocytes near the target were obseived under the micioscope, 
and the course of each cell was recorded with the aid of a drawing ocular at one 
minute intervals for a period of ten minutes (fig 1) All the obseivations were 
made m a warm chamber at 37 C 

In these experiments the measure of chemotropism was defined as the net 
appioach m microns per minute of each cell towaid the test substance In each 
group of experiments the results were expressed as the mean value of chemotropism 
of all the cells observed The random movement of cells in fields remote from 
the target was observed in each preparation m order to make certain that directional 
currents were not present (fig 2) In the case of Witte’s peptone, control experi- 
ments were made using plain titanium dioxide 2 In order to set up a standard of 
comparison, polymorphonuclear neutrophils obtained from the finger blood of 
healthy adults were tested with the same substances as the eosinophils 

RESULTS 

The first senes of experiments was designed to test whether eosino- 
phils ate attracted by two common bacteria, namely, Staph auieus and 
Escherichia coh The results are shown in table 1 The mean value of 
chemotropism for 35 eosinophils from the blood of the patient with 
leukemia, tested against Staph aureus, was +9 0, with a standard error 
ot ±: 1 51, whereas the value of chemotropism for 67 neutrophils from 
healthy adults was +7 5, with a standard error of ± 1 20 The dif- 
ference of the means with its standard error was 15 ±: 1 94 Since the 
difference of the means is not more than twice its standard error these 
results are not significantly different from each other In other \vords, 
eosinophils from the patient with leukemia were attracted as strongly as 
neutrophils from presumably healthy persons 

The eosinophils obtained from the fluid of the bullae were attracted 
less strongly by Staph aureus than were normal neutrophils Although 
this difference is statistically significant, it is probably of little real sig- 
nificance because of the fact that these eosinophils were not healthy 
cells but showed obvious evidences of degeneration and poor locomotion 
In the second column of table 1 it is seen that eosinophils fiom the 
bullae were attracted by Esch coh 

In the second series of experiments the effects of two substances 
known to produce eosinophiha in experimental animals were tested The 
results are shown in table 2 Fifty-four neutrophils from healthy adults, 
tested with dried T spiralis, gave a mean value of chemotropism of + 7 0 

0 33, and 224 eosinophils from the blood of the patient w ith leukemia 

2 Titanium dioxide has previously been shown to be chemotacticalh inert 
(unpublished data) 




Fig 1 — A caineia lucida record of the attiaction of human eosinophilic polv- 
morphonuckar kukoc3des to Staph3dococcus aureus The cells were obtained 
from the blood of a patient with myelogenous leukemia of eosinophilic t3’'pe The 
numbers represent the positions of the eosinophils when first observed, and the dots 
show successne positions at one minute intervals The cells are moving toward 
the bacteria 



Fig 2 — 'k camera lucida record showing landom motion of eosinophils This 
IS the control of the experiment shown m figuie 1 The imaginar3" target is 
obtained b3 projecting the outline of the bacterial target on the microscopic field 
The cells show no diiectional moiement 
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gave a mean value of +58 ± 0 99 The difteience of the means and 
the standard erioi is 1 2 ± 1 06 Consequently there was no significant 
difterence in the chemotactic behavior of the two types of cells Similar 
results weie obtained when \\ itte’s peptone on titanium dioxide was 
employed as the test substance 

COMMENT 

These experiments indicate that in vitio eosinophilic polymoiphonu- 
clear ]eukoc}tes show the same degree of positive chemotiopism as do 


Table 1 — CliemoUopic Response of Polymoi pl‘onnclcai Eosinophils io Bactena 



Staphylococcus Aureus 

Eschenthm Coli 

Polymorphonuclear Leukocytes Lsed 

Cells 

Mean Value of 
Chemotropism 
m Microns 
per Minute 
with the 
Standard Error 

Cells 

Mean Value of 
Chemotropism 
in Microns 
per Minute 
w ith the 
Standard Error 

Neutrophils from Wood of healthy adults 

CT 

4-7 0 ± 1 20 

32 

+5 S -t- 0 50 

Eosinophils from blood of patient with 
leukemia 

S') 

4-9 0 ± 1 31 



Eosinophils from bulla fluid of patient 
■nith derm ititis herpetiformis 

92 

+ 4 6±0SG 

01 

-4 7 ± 1 20 

Table 2 — Chcinoti opic Response of Polymoi phonncleai Eosinophils to liichinella 

Spiiahs and Witte’s Peptone 




Dried, Ground 
Tnchinclla Spiralis 

Witte’s Peptone on 
Titanium Dio\ide 

Polymorphonuclear Leukoettes Used 

Cells 

Mean Value of 
Ohemotropisra 
in Microns 
per Minute 
with the 
Standard Error 

Cells 

Mean Value of 
Chemotropism 
iin Microns 
per Minute 
with the 
Standard Error 

Neutrophils from blood of healthy man 

54 

4-7 0 at 0 31 

10 

4-9 S ±104 

Eosinophils from blood of patient with 
IcuJ emia 

224 

-r-, a + n 99 

7”» 

-rS 0 ± 0 02 


neutrophils It is also interesting to obseive that eosinophils are not 
attracted more strongly by T spiralis than by bactena, in fact they 
are atti acted less stiongly by this paiasite than by Witte’s peptone 
Although the leukocytes employed aie not stiictly compaiable to the 
eosinophils seen m normal human blood or in an inflamed area ne\ei- 
theless they are probably similar cells It is well knovn that polymor- 
phonucleai eosinophils appeal m both acute and chronic inflammations, 
but the mannei in which they get to the inflamed tissues is not clear 
Some believe that the eosinophils oiigmate within the tissues eithei from 
previously existing cells oi as denvatues of cells which have mfiltiated 
from the blood Howeiei since it has been shown tliat eosinophilic 
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pol}moiphonuclear leukocytes possess positive cheuiotropisni, it seems 
at least possible that they may be actively attracted to a site of inflam- 
mation in the same fashion as the pol3nnorphonucleai neutiophils 

Eosinophilic polymoi phonucleai leukocytes are also capable of 
phagocytosis This has been shown by seveial woikers,® and we have 
been able to confirm their obseivations Thus it is seen that the eosino- 
phil behaves much like the neutrophil in that it shows both phagocytosis 
and chemotiopism In contrast to these two cells is the lymphocyte 
which, so far as is known, shows neithei phagocytosis nor 
chemotropism ^ 

so MMARY 

The chemotiopism of human polymoi j^honuclear eosinophils was 
studied in vitro The cells weie obtained fioni a patient with eosino- 
philic myelogenous leukemia and from one with deimatitis heipetifoimis 
The chemotactic reaction of eosinophils to bacteria was found to be as 
strong as that of normal neutrophilic leukocytes Eosinophils ivere 
attracted less stiongly by material from an animal parasite, T spiralis, 
than b}'- Witte’s peptone The origin of eosinophils in the tissues is 
discussed 

Dr Joseph T Wearn gave us permission to stud} the 2 patients mentioned 
in this article 

3 (a) Strumia, M A, and Boernei, F Am J Path 13 335, 1937 (&) 
McDonald, S, and Shaw, A F B But M J 2 966, 1922 

4 Dixon, H , and McCutcheon, M Arch Path 19 679, 1935 



GENESIS OF INFARCTION 
LOUIS LOEFFLER, MD 

DECATUR, ILL 

The genesis of infarction in the human bod) is not as yet clearly 
understood The question still leinains why in one oigan — the lungs 
or intestines, for example — the infarct is piactically a hemorrhagic one, 
while m other organs — the kidne)^s oi spleen — an anemic infarct is 
quite as regularly found It is difficult to explain why stoppage of the 
blood supply to one oigan may piodiice hemorrhagic necrosis, while 
stoppage of the supply to anothei pioduces anemic necrosis m spite of 
collaterals piesent 

Previous expeiiments repoited in this journal ^ showed that hgatuie 
of the mesenteric aitery in rats pioduces anemic necrosis, while ligatuie 
of the portal i^eins pioduces a lesion lesembhng hemoirhagic infaiction 
Because the animals lived only foi horns after the ligature of those 
large vessels, it was felt necessaiy to continue the experiments 

The following experiments on intestinal infaiction may be lepoited 
because of their simplicity and unequivocal results and because the 
tissue changes are much more distinct than those in previous experi- 
ments The results seem to be well comparable to findings rn the 
human body 

PROCEDURES 

Altogether 60 animals, including 12 guinea pigs and a few rabbits, but mostly 
white rats, have been used 

Sodium amytal and ether were the anesthetics used, the latter was found to be 
more convenient 

First Series (10 Rats and 6 Guinea Pigs ) — A loop of small intestine about 
4 to 6 cm in length, together with its mesentery, was firmlj tied with a thick 
thread The tying was done as quickly as possible, within a fraction of a second 
After a few minutes the loop contracted both in length and in width The little 
blood of the loop drained into the mesenteric veins up to the tying point Onlv 
the smallest intramural or serosal veins of the loop remained visible, these were, 
however, greatly narrowed 

After three to six hours the loop began to look dull, gray and flabby There 
was no change in the lumen 

The next day the loop was as white as pale pus, entiiely without tonus and 
dull in appearance, this was even more pronounced forty-eight to seienty-two 
hours after the operation The lumen was narrow and empty (fig I A) 

From the Pathological Laborator^ of the Decatur and klacon Counti Hospital 
1 Loeffler, L Arch Path 22 755, 1936 
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All animals died after one to tliiee days from intestinal obstruction The 
loops above the obstruction veie found dilated and leddened There was a thirt 
purulent fibrinous membrane aiound the tied loops and adjacent tissue, niostlj 
omentum, however, theie was no general peritonitis 

Jslicroscopically, the signs of necrosis were obvious after twentj-foui hours,, 
beginning with loss of structure and falling apart of cells (fig 2 A) This was 



\ 

/ 



A 


^ B 

Fig 1 — A, anemic necrosis of an intestinal loop of a guinea pig one dar after 
ligation The ligature w'as suddenly and completely tied About actual size 
hemoirhagic infarction of an intestinal loop in a guinea pig one day after ligation 
The ligature w'as slowly and mcompletel 3 '- tied About actual size 

followed bj loss of nuclear staining ot the mucosa, the musculature ret''inmg 
its staining powder until death Here and there small serosal -veins could be found 
filled with well preserved erjthrocvtes The serosa was smooth oi covered 
W’lth fibrin and leukocytes (fig 2 B) 
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Second Senes (10 Rats and 6 Guinea Pigs ) — An artificial A'ohulus nas pio- 
duced An intestinal loop nas held between two fingers, rolled aiouiid itself in a 
spiial fashion and loosely fixed in that position bv a stiing at the base and a suture 
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Fig 2 — A, beginning anemic necrosis one dav after ligation B complete 
necrosis thiee dajs after ligation, X 200 A Ia\er of leiikocrtes and fibrin is seen 
at the right in B 


thiough the serosa In the guinea pigs it was onh necessary to set two ligatuics 
"ith a thick thread, the first near the base of the niesenten and tiie second near 
the intestinal wall about 1 to 2 cm distant from the first 
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Fig 3 — A, hemorrhagic infarction of an intestinal loop one daj' after ligation, 
X 200 Masses of erj’^throcytes are seen within the broken-up wall B, hemorrhagic 
infarction three dai’^s after ligation, X 200 Neciosis is completed The shape of 
the erjthrocytes is at places still seen A layer of leukocytes at the bottom of 
the picture is well stained in sharp contrast to the necrosed wall 
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It was necessary to observe the circulation in the mesentery and see that all 
ligatuies were only narrowing and not entirely obstructive of the blood supply 
Pulsation m the dilated vessels was noticed where the mesenteiy bordered the 
intestinal wall 

Extreme care, however, was not necessary, there was no failure in any of the 
experiments — quite an unusual feature in experimental work Each experiment 
was finished in from fifteen to twenty minutes 

After twenty-four hours the intestinal loop on top of the volvulus, most often 
both loops, were greatly dilated, dark black-red, hemorrhagic The loops were 
filled with turbid bloody exudate The serosa was dull (fig IB) 

In some cases there was local peritonitis around the loop with fibrinous adhesions 
after two or three days but no general peritonitis 

All animals died after three days from intestinal obstruction, as did those of 
the first series 

Microscopically, the t 3 '^pical pictuie of hemorrhagic infarction was seen All 
vessels were greatly dilated and filled with erythrocytes, and there was complete 
destruction of the mucosa and submucosa by masses of extravasated erj'throcytes 
(fig 3 A) Nuclei ceased to stain after two or three days, pidmotic and broken- 
down nuclei were found in abundance The musculature was less hemonhagic 
than the inner layers and retained its staining power until death The intestinal 
wall Avas thinned (fig 3 B) 

COMMENT 

In the first seiies of experiments an intestinal loop was shut off 
suddenly and completely from its blood supply The i esult was without 
exception anemic necrosis of the intestinal loop This is what one w^ould 
expect from such an operation, an organ deprived of its lilood must 
be anemic and must undergo necrosis m due time It is understood 
that a short time aftei the ligature has been set blood is still m the 
vessels giving the tissue a slightly red color The red changes into white 
with advancing destruction and dissolution of tissue and eiythiocytes 
After one to two days not a trace of red remains in any one of the loops 
The observed contraction of the musculai tissue of the wall is 
secondary to the anemia Contraction sets m aftei a few minutes, 
driving the remaining blood into the mesenteric veins The muscular 
contraction, howevei, cannot be held entirely responsible foi the anemia 
observed It is the anoxemia which produces the contraction The 
musculatuie finall)' loses its tonus , the wall becomes flabby The mucosa 
dismtegiates first Then the cells of the mucosal glands fall apait and 
gradually lose their nucleai staining within one to tw^o days The nuclei 
undeigo kar30irhexis and pyknosis 

A secondary factor influencing the staining piopeities of the imolved 
tissue IS the intestinal juices, the intestinal juices must be taken into 
considei ation, for they might loosen the structuies and accelerate the 
disintegration, however, their influence is easily recognized by the 
unifoimity of decolorization and the depth m diffusion, ending m a 
sharp line without a reactne zone The picture here does not sho 3 v 
such changes, therefore this factor may be disregarded 
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A la}ei of fibiin and leukocytes is in some instances foimed on the 
neciosed loop It must be assumed that fibim and leukocxtes come fiom 
adjacent tissues and aie deposited on the seiosa, since theie is no 
cncLilating blood available to act as a souice toi these blood constituents 

The ligatuie in the second senes was not tied com]>letely and rapicll) 
as in the fiist but ^^as incompletely and slo^\ly tied so as to permit 
a low and diminished ciiculation of blood The fiist eftect of such a 
proceduie is renous congestion lasting foi houis, with visible pulsation 
of aiteiies and reins Dilatation of the intestinal wall follows To 
this dilatation and the twisting of the loops must be attiibuted the final 
stoppage of the circulation The twisted loop is black-ied, dull, gieath 
dilated and filled with blooch fluid mixed rvith fecal mateiial The 
loop stays that rvay to become en\ eloped by adjacent loops and omentum 
until death Death occuis not latei than thiee da}S aftei operation 

The gloss pictLiie leaves no doubt that a truly hemorrhagic infaiction 
took place The micioscopic pictuie is not that of mere congestion 
with occasional petechiae but that of a unifoim hear} hemoiihage into 
the intestinal rrall, identical rvith that found in the human bod} in 
similai cases 

In the expel iments lecoided heie complete and sudden stoppage 
of the blood supply to the intestinal rvall caused anemic neciosis in all 
the animals rrithout exception Theiefoie, theie is not an inheient, 
unexplained and unexplainable tendency of the intestines torraid 
hemonhagic infaiction The hemonhagic character of the lesion 
depends on the special conditions If the stoppage is sudden and 
complete, anemic neciosis lesults, if it is not sudden and complete, 
hemoirhagic neciosis may lesult Norv sudden and complete stoppage 
IS piacticallv nerei leahzed in a human body No hernia is incarcerated 
m a second oi at least not completely It takes time, and half an houi 
IS piobably enough to cause venous congestion rvhich slorvly aggravates 
to stasis and infaiction The same is tiue in cases of volvulus oi 
intussusception Whether the blood comes fiom still open vessels oi 
fiom neaibr collateials can, of couise, make no difference The 
impoitant factoi is the completeness of stoppage of blood suppl} to the 
intestinal rvall 

The consequences of rasculai occlusion on the borvel vaiy The 
supeiioi mesenteiic aitei} may be occluded by thrombosis or embolism 
rvithout any changes of the intestines (cases have been repoited by 
Dye- Alclrei “ Ross’* and eailiei }et by Virchorv ** and Kaichei 

2 D\e, W J P New England J Med 212 105, 1935 

3 Alclver M A Am J Surg 20 195, 1933 

4 Ross G G Ann Surg 72 121, 1920 

5 Virchow, R Arch f path Anat 1 272, 1847, cited bv Warien S and 
Eberhard, T P Surg, Gjnec S. Obst 61 102, 1935 

6 Karcher J Cor -B1 f schweiz Aerzte 27 548, 1897 , cited bv Dye - 
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Often at autopsy on j^ersons clMng fiom other causes an embolus is 
found m this aiteiy without an) changes of the bowel In other cases 
(2 pel cent, accoidmg to Ti otter") anemic gangrene is found Still 
in other cases the changes of the intestine a ary fiom congestion, edema 
and other leactions to complete infarction and neciosis (Mcl\er®) 
In 23 per cent of cases Whittaker and Pemberton ® found arteiial 
occlusion combined Avith venous thrombosis The occuirence of venous 
thiombosis is probably higher than that of pure arterial thiombosis 
(Waiien^®) The observations in cases of anemic necrosis following 
arterial occlusion compare closely with these expeiimental findings 
The cases m which there are no changes aie generally explained 
by collateral vessels 

Cases of arteiial occlusion combined vith \enous thiombosis and 
vith hemoiihagic infarction correspond to the expeiiments with slow 
and incomplete occlusion 

The rest, namely, cases of puie arteiial occlusion with infaiction 
but with patent veins and collateials, are still unexplainable 

This much, howevei, can be drawn fiom these experiments 1 
Complete and sudden stoppage of the blood suppi) to the intestines 
(and probably to any organ) causes anemic neciosis Hemorrhagic 
infarction is due to incomplete stoppage Blood must be allowed 
afterward to entei the aiea affected, it makes no difference wheie this 
blood comes from — from collaterals, ^elns or aitenes 2 This blood 
must enter and remain under sufficiently high piessure This is lealized 
in cases of venous thrombosis following arteiial embolism or in cases 
of volvulus by venous congestion Siinilai conditions exist in cases 
of incarcerated hernia oi intussusception 

The question asked m the introduction as to why in one oigan — 
the lungs or the intestines, for example — a hemorrhagic infaict is 
usually found, while in other oigans — the kidney or spleen — an anemic 
infarct is regularly found, might now be answered in this wa) It is 
not true that organs differ from one another undei the same conditions 
but it is tiue that different organs lespond to the same conditions m the 
same way In the intestines it has been proved that a complete and 
sudden stoppage of the blood supplv leads to anemic necrosis , the same 
IS true in the kidneys If m the intestine a hemorrhagic infarct is 
piactically always found, it must be due to special conditions, i e 
the stoppage of the blood suppi) must be piacticalh never complete 
and sudden, and there must be pathways left open allowing blood to 
entei thiough aiteiies, \eins or collaterals 

7 Trotter, L E C Embolism and Thrombosis of Mesenteric Vessels, 
London, Cambridge Unnersitv Press, 1913, cited bj !McRer 

8 McEer,^ p 196 

9 Whittaker, L D , and Pemberton J de J T A Af A. Ill 21, 1938 
10 Warren, S, and Eberhard, T P Surg G\nec & Obst 61 102 1935 
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SUMMARY 

The complete and sudden stoppage of the blood suppl} to the 
intestines (and probabl}^ to any organ) results in anemic neciosis A 
hemorrhagic infarction is due to a special condition Blood must entei 
the affected area after the initial closure, this blood must come to stay 
under high pressuie This is realized in cases of combined arterial and 
venous occlusion, of incaicerated heinia, of volvulus, of intussusception. 
In none of these cases is there a sudden and complete stoppage of the 
circulation 

Wheie the blood in hemorrhagic infarcts comes from seems to be 
of minor impoitance It may come fiom patent veins oi arteries or 
from collaterals 

It IS postulated that the conditions leading to anemic oi tO' 
hemorrhagic necrosis are the same m any organ 



INCIDENCE AND SIGNIFICANCE OF I-IEALED 
iM I DIARY TUBERCLES IN THE LIVER, 
SPLEEN AND KIDNEYS 

HERBERT S REICIILE, YD 

AMi 

JOHN L WORK, AfD 

CI I \ 1 1 A\ I) 

Ihc occuncncc of small calcihcd sphcics m the Inci, spleen and 
occasionally othci of the pai enchy matons Msccia is well known to 
pathologists and loentgcnologists Little attention, howe\ei, has been 
gnen to these lesions in the cm lent medical literatiiie Fiom time 
to time they ha\e been referied to as "healed hematogenous tubeicies,” 
but moie commonly the}^ have been called “phleboliths 

Because of a tentative hypothesis that these bodies aie inihai}'^ 
tubercles, a systematic study was conducted on material obtained at 
autops) 111 500 consecutive cases at the City Hospital, Cleveland, from 
August 1935 to Apiil 1936 In the search foi these lesions, paiticular 
caie was taken to examine the oigans foi manifestations of active, 
latent or healed tuberculosis Appioximately two thuds of the lungs 
were injected with solution of formaldehyde U S P (diluted 1 to 10) 
and sectioned The remaining materials weie examined m the fresh 
state In a few cases examinations weie made with the aid of a fluoio- 
scope, but in the majority the usual methods of palpation and section 
were depended on to leveal one oi inoie of the components of a 
primal y tuberculous complex, and if they failed to do so the lesults 
weie lecorded as negative 

For purposes of a statistical analysis, paitial autopsies and autopsies 
on stillborn infants, prematuie infants and infants who died before 
discharge fiom the hospital weie excluded There w^ere 48 such cases, 
leaving a remaindei of 452 Nodules weie found in one oi seveial 
of the parenchymatous organs in 91 cases, an incidence of 20 1 pei 
cent for the senes This is a high incidence, since few conditions other 
than parenchymatous degeneration, hyperemia, edema, piimaiy tubei- 
culosis and arteriosclerosis occur in more than one fifth of the bodies 
coming to autopsy in this hospital 

From the departments of pathology of Cleveland City Hospital and the 
Western Reserve Umveisity School of Medicine 

1 Moorman, L J Am Rev Tuberc 36 376, 1937 Berman, T M . 
Radiology 29 37, 1937 Hellgren, E G Acta psediat 13 180, 1932 
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The spleen was most common^ aftectecl The lesions weie found 
m the spleen m 73 of the 91 cases, m the liver in 47 and in the kidnei^s 
in 2 In the hvei they were usually situated just beneath hut not 
within the capsule and were only occasionally found in the deeper 
parenchyma In the spleen, on the other hand, the} were commonly 
encounteied deep in the pulp and infrequently beneath the capsule The 
nodules bore no necessaiy i elation to the stiucture of the oigan m 
which they occuiied or to its blood vessels They could be easily 
extracted fiom the parenchyma but could nevei be shelled out of a 
casing such as is consistently found about a phlebohth The number 
of lesions vaiied widely from case to case In a few only one oi two 
were found while m others they numbered several bundled 

The nodules were spherical and vaiied from 1 to 5 mm m diametei, 
with the majority being approximately 2 mm Occasionally adjacent 
lesions had coalesced to form lobulated masses, but more commonl} 
they were disci ete and widely sepaiated fiom then neighbors Giossly 
the} weie haid, varied m coloi from pale yellow to gray and cut wnth 
gritty, sometimes bony lesistance When sectioned, they were found 
to consist of a soft, leceding, pale yellow or gray homogeneous centei 
and a thick, pale yellowish gray shell-like periphery Mici oscopically 
(fig 1) the center was composed of necrotic debris and sometimes a 
fine fibrillai} netwoik wuth scattered fibroblasts, large mononucleai 
cells and lymphocytes In some the center was entirely fibrous In 
about half of the nodules the caseous centei was surrounded by a img 
of hyalinized tissue containing collections of epitheloid cells, wdnch 
formed ladial palisades, lymphocytes and very occasionally a shrunken 
multinucleated cell The penpheiy of the lesion consisted of a thick, 
extiemely w^ell circumscribed capsule of dense collagenous connective 
tissue which did not contain elastic fibeis and wdnch wns similar to the 
specific capsule described by Puhl for the primary tubeicle Veiy 
fewf of the cell nuclei of connective tissue remained, and wandeiing 
cells, if piesent at all, weie found only in the outer, loosei layeis 
Vaiying quantities of calcium w^ere piesent in the centers oi capsules 
and m some bone foimation had occurred 

Both grossl} and microscopically the lesions were indistinguishable 
fiom small pi unary tubeicles, i e , Ghon foci, oi from the healed satel- 
lite tubercles so fiequentl} encounteied m the lungs They difteied 
from true phlebohths in legard to both position and character and 
w^ere sufficiently diffeient from small adenomas, fibiomas and adienal 
rests to pi event confusion with these abnormalities Because of then 
gross and microscopic similarity to lesions adequately established as 
healed tubercles, the assumption that the} were monuments to previous 
tuberculous inflammation appeared justified Furthermore an analysis 
of the data indicates a high positive con elation between the presence 
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of OLCult tubeiculosis, cithci healed oi actne, and the occuiience of 
calcified noduleb in the ahdominal Msccia In 86 of the 91 cases (94 5 
pel cent) in which these nodules w'ere found theie w^as definite healed 
oi actne tuheiculosis in sonic othei pait of the hod}' In only 5 cases 
weie no tuheiculous lesions found and in only 1 of these weie loentgen 
studies undei taken Fuithei conMiicing CMdence was afifoided hy the 
demonstiation of tuheicle hacilli in these lesions h} animal inoculation 
Twent} guinea pigs weie inoculated wnth material fiom the lesions in 



Fig 1 — Tubercle in liver, heinatoxylin-eosin , X 37 5 


14 cases Piecautions were taken to pi event contamination of the 
material, and no lesion was used if it was associated with active miliaiy 
tuberculosis Because of then small size it was not possible however, 
to divide the lesions and use one-half for microscopic study Positive 
“takes” were obtained in 4 animals in 3 of the cases 

The moiphologic similarity of these lesions to those of healed piimaiy 
tubeiculosis, then concuirence woth admittedly tuberculous lesions and 
the evidence that a fair number of them harbored tuheicle bacilli estab- 
lish them as healed oi obsolete tubercles Their distribution in hvei, 
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spleen and kidneys was such as to indicate that they weie the lesult of 
hematogenous dissemination This consideiation leads to the follow- 
ing questions 

1 Does hematogenous dissemination have any i elation to the devel- 
opment of pi unary tuberculosis^ 

2 What effect, if any, does it ha\e on the patient’ 

It IS well known that in large communities most peisons who acquiie 
a piimaiy infection do so before the age of 30 )feais Theiefore, the 
incidence of these tubercles should be much the same in all age groups 
over 30 years of age if dissemination occuis eaily in the course of a 
piimaiy infection If, on the othei hand, it is a proti acted process, 
occiiiring from time to time during the lifetime of an infected person, 
the incidence of healed lesions should bear a direct relation to age That 
this is not the case is well shown by figure 4 These lesions theiefore 
developed at a time when the state of reaction characteristic of the 
primary phase of infection was still active This constitutes moiphologic 
evidence which demonstiates the piobable reality of the second stage in 
Ranke’s classification of the pathogenesis of tuberculosis Hitheito this 
stage was regarded as largely hypothetic and as merely budging the 
gap between the primary and tertiary stages In contradistinction to 
Ranke’s opinion, we do not regard stages I and II as sequential , except 
for the earliest period, which is a matter of days rathei than weeks, the 
two stages run parallel to one anothei in time The generalization 
starts before the primary focus has developed, but the disseminated 
bacilli, being subject to inherent immunity as well as to the awakening 
acquired resistance, are i educed in number The incubation tune of 
primary foci, however, is dependent in a large measuie on the numbei 
of bacilli Hence these disseminated foci will develop somewhat latei 
than the primary focus itself 

It IS geneially accepted that hematogenous dissemination is a com- 
mon accompaniment of progressive primary tubeiculosis and that many 
of these patients, particularly young children and inembeis of the coloied 
race, die of tuberculous meningitis and generalized miliarj^ tubeiculosis 
However, theie is also abundant clinical, pathologic and experimental 
evidence that hematogenous dissemination occurs in peisons who do not 
die of the primary infection One of the cases in our sei les and another 
observed subsequently illustrate very well that dissemination can occui 
early during the couise of primarj'- infection In the first instance a 
white boy of 10 years died as the result of severe acute sti eptococcic 
pansmusitis, bronchitis and mild leptomeningitis, following scarlet fever 
At autopsy a typical primary complex was found in the uppei lobe of 
the right lung and in the bronchopulmonary and supeiior and inferior 
bifurcation Ijmiph nodes All parts of the complex showed an exudative 
type of reaction, and there was no gross caseation of the cential por- 
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tions In addition, a few active nnliai} tubercles weie demonstrated in 
the spleen In the light of pievioiis expeiience the piocess was legaided 
as not older than thiee months Ne\eitheless, theie weie veil devel- 
oped tnheicles m the inei and spleen In the other case a Negio child 
of 15 months had been given a clinical diagnosis of tnheiculous menin- 
gitis, pulmonai}^ tnheiculosis and gcneiahzed mihar} tubeiciilosis This 
child had been exposed to tuberculous disease m the fathei, who vas 
admitted to the Lowman Pavilion of the Citj’- Hospital when the child 
vas onl} 3 months old Theie were no other contacts The primai)^ 
focus was located m the uppei lobe of the left lung It had undergone 
cential liquefaction and cavitation and w^as sui rounded bv a thick 
fibrous wall The hmpli nodes w'eie unusually laige and caseated 
Theie weie a tubeiculoma of the hi am, tubeiculous meningitis and wude- 
spiead actne hematogenous tubeiculosis Of consideiable mteiest was 
the presence of one peifectH typical healed tubeicle m the spleen in 
addition to actne tubcicles The foimei was calcified and wdien 
examined microscopically show'ed no sign of activity The observations 
indicate paitial contiol of a primaiy infection wuth subsequent leactiva- 
tion, widespread dissemination and death The difteience in age of the 
splenic lesions points to an eaily as well as a late dissemination The 
chionic natuie of the pulmonary disease, as well as the healed tubeicle 
111 the spleen, cleaily indicates that this child must have had tuberculosis 
for a consideiable peiiod and the histoiy establishes the fact that the 
primary infection occuried some time dining the fiist thiee months of 
life It takes w'eeks for a piimaiy lesion to develop and months oi 
3'ears foi lesions even as small as this to heal and calcif}' Theiefoie 
the eail}"^ dissemination piesumably occuircd between the second and 
third months of life oi wuthm six wrecks oi tw'o months aftei the piimary 
infection These 2 cases conclusively show' that dissemination can and 
does occur very caily in the coiuse of the pi unary disease This is no 
new concept of the pathogenesis of human tuberculosis,- and it has 
been showm that bacillemia can exist in expeiimental animals long 
befoie the appearance of a primal y lesion Kiause ^ showed that tubeicle 
bacilli may invade the lymphatic and the vascular system within four 
days of inoculation and become disseminated throughout the body 
Willis ^ continued these experiments and came to the conclusion that 
111 guinea pigs inoculated via the skin visceial tuberculosis usually 
develops even though the aiea of inoculation is excised within thiee 
hours aftei inoculation In this respect infection with the tubeicle 
bacillus lesembles that with Spirochaeta pallida® 

2 Grethmann, W Arch Path 23 451, 1937 

3 Krause, cited from Wilhs * 

4 Wilhs, H S Am Rev Tuberc 11 439, 1925 

5 Raiziss, G W, and Severac, M Arch Dermat & Sj'ph 35 1101, 1937 
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The significance of this eaily hematogenous dissemination and of its 
efitect on the infected peison was niAcstigated by stud} mg the coi rela- 
tion between the incidence of these healed miliaiy tiibeicles and the 
piesence of active tuberculous disease All cases in which lesions of 
tubeiculosis weie shown were divided into thiee gioups accoiding to 
the apparent lesistance which was exhibited to the disease (fig 2) Into 
gioup 1 weie placed all cases m which there was neithei chnicalh 
significant disease noi a lesion showing onl}'^ micioscopicallv demon- 
stiable actiMty The bulk of these cases weie those in ivhich onl\ one 
01 moie of the components of a piimaiy complex iveie obsened and 
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Fig 2 — Anabasis of all cases 

the patients w^eie designated as lesistant Gioup 2 included cases in 
ivhich theie was no clinically significant disease but in wdnch micioscopic 
sections showed actnity, the patients were designated as model ateb*" 
lesistant Gioup 3 included only cases in which theie w^as chnicallv 
manifest, active disease In the vast majority of these cases death 
occLined as a result of tuberculosis The patients m this gioup were 
designated as susceptible Figuie 2 makes it appaient that the incidence 
of healed miliaiy tubercles m the so-called susceptible group is only 
half of that in the lesistant Fuitheimore, the incidence in the model - 
ately lesistant is about midway between that in the resistant and that 
m the susceptible gioup In figuie 3 the white peisons and the Netjioes 
ha^e been represented sepaiateh Again the highest incidence is found 
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in the so-called lesistant peisons ot each lace and the lowest incidence 
IS in the susceptible The numbei of cases in gioup 2 is piobably too 
small to be of any statistical significance, yet, as in figure 2, the per- 
cental A allies aie intei mediate between the othei two gioups No 
adequate explanation for the difleiences between the two races is 
oficied Figuie 4, lefeiicd to eailiei m this papei, shows that theie 
IS no con elation between the chosen age groups and the incidence of 
healed miliai) lesions m the spleen and hvei In spite of the small 
numheis in some of the gioups. the difieiences already noted between 
the susceptible and lesistant gioups aie still appaient 


r/UMBER or % WITH TUBERCLES 



Fig 3 — Analysis race 

From these diagiams seveial valid conclusions can be diawn Fust, 
there is no con elation between age and incidence of healed miliaiy 
tubeicles Second, the pei cental incidence of healed tubeicles is gi eater 
in the Avhite than in the Negro lace Third, the incidence of healed 
tubercles is greater in persons who, on the basis of anatomic findings, 
have been consideied resistant than it is m moie susceptible persons, and 
these differences are constant for both races Foi this theie aie at 
least two possible explanations One is that a large numbei of the moie 
susceptible succumb to the infection at the time of the eaily hematog- 
enous spread If this weie the coriect and only explanation, however. 
It might be expected that, if all peisons dying of progressive pi unary 
tuberculosis, as well as persons dying fiom othei causes with incidental 
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active piimary lesions, were deducted fiom the total numbei of patients 
of group 3, the pei cental incidence of healed miliar}'- tubercles computed 
on the basis of the coirected figure would appioximate that of the fiist 
group Theie weie only 2 such peisons m group 3, and both of these 
were children who died of causes othei than tubeiculosis and presented 
at the time of autopsy active piimaiy complexes as well as active miliary 
tubercles m the spleen With these 2 patients deducted fiom group 3 
the incidence of healed tubeicles is laised to only 18 per cent, a figuie 
which IS still significantly difiteient fiom 39 2 pei cent, the incidence 
in gioup 1 The second explanation foi this ditfeience is that an eaily 
liematogenous spread, with limited seeding of tubercles in the oigans, 

wh/tl: negro 




Fig 4 — Percental analysis of cases by lace and age 

acts as an “autoi accination’’ and confeis piotection against leinfection 
That the spiead of a disease should seive to check the piogiess of that 
disease at first appeals to be a paiadox It is, howevei, ivell knowm 
that this does occur in tuberculosis Peisons with extensive pulmonai} 
disease larely die of miliary tuberculosis, and, on the contraiy, pathol- 
ogists ha\e long knowm that typical acute miliaiy tubeiculosis of the 
adult IS usually associated with some lelatively unimpoitant form of 
organ tuberculosis 

Had accurate counts of the numbei of tubeicles present in the liver 
spleen and other organs been made m each case, it is possible that the 
figures thus obtained -would have served as rough indexes of the degree 
or intensity of the dissemination And, if so, a positive con elation 
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l)ct\vccu the luinihci of luheiclcs and the manifest lebiblancc might be 
expected 1 his asjicct of the piohlem was not appieciated until it was 
too late to make such counts A leeicw of the lung-diagiams made at 
the time of autojis\. howeeei suggests that dissemination was geneially 
moic widespiead m the lelatneh lesistant than in the lelatnely sus- 
ceptible In 22 of the 69 eases in group 1 oi 51 9 pei cent, theie ^\ele 
calcified tubeicles m the lung paienelnma othci than the piimai} focus 
This compaied \\ith 1 ot 4 (25 pei cent) and 1 of 15 (7 7 pei cent) 
in gioups 2 and 5, ies]HCtncl} 


SL M M \U\ 

^^lam, It not all, ol the small sjiheiical bodies found m the livei, 
spleen and kidnee and fiec|uentl\ called phlebohths aic tiiie miliary 
tubercles Thc\ occui m a])pio\imatcl\ one fifth of the bodies coming 
to autoi)s\ at the Cite Hospital Clc\ eland The} aie histologicalh 
indistinguishable iioni small prim.ii\ tulieiclcs Animal moeulation has 
demonstrated the jnesenee ot tubeicle bacilli ihcii distiibution points 
to hematogenous dissemination and then moipholng\ to some associa- 
tion in point ot time e\ith the piiman eom])lex Ihe high coiielation 
between appaient icsistance to piogiessne tubciculous disease and the 
incidence of these lesions leads to the suggestion that this dissemination 
acts as autoeaeemation, eonfening a lelatneh high lesistance to 
icin fcction 



ACTION OF ESTROGEN ON SKELETAL TISSUES 
OF IMMATURE GUINEA PIGS 

MARTIN SILBERBERG, MD 

AND 

RUTH SILBERBERG, MD 

ST LOUIS 

In previous investigations ^ we found that gonadectomy had a 
giowth-promoting effect on the euhyaline caitilage of the immatuie 
g'uinea pig Differences in the response of the sexes weie obser\ed 
The proliferation was somewhat more marked in male animals , m these, 
likewise, the balance between piolifeiation, on the one hand, and 
calcification and ossification, on the other, was more disturbed In 
pursuance of these investigations we thought that a study of the action 
of estiogen might give further insight into the role of the gonads in 
the processes of growth and ossification of cartilage 

MATERIAL AND METHODS 

Forty-eight guinea pigs, born in the spring, were used, 24 of these animals 
were given an mtrapentoneal injection of 20 rat units of estrogen dissolved in 
0 9 per cent saline solution, six times weekly, 24 others were given each a dose of 250 
rat units of estrogen in oil subcutaneously, twice weekly In each of these two 
groups 12 animals were males and 12 were females, at the beginning of the 
experiments one half of the guinea pigs weighed between 140 and 160 Gm and 
the remaining half between 180 and 190 Gm The large majority of the animals 
were killed three, seven, fourteen, twenty-one, thirty and sixty days after the 
injections were started, but 3 guinea pigs had to be killed for various reasons at 
intermediate times 

At autops}’-, one tibia, the knee joint of the other side, ribs and vertebrae were 
remoied for study and subjected to the same technical procedures as previouslv 
■described ~ 

CHANGES IN WEIGHT 

The variations m the weights of the animals weie similai m the 
different gioups Slight differences became apparent only in those 

From the Laboratory of Research Pathology, Oscar Johnson Institute, 
Washington University School of Medicine 

These in\ estigations were earned out with the aid of grants from the Com- 
nuttee on Scientific Research of the American Medical Association, the Inter- 
national Cancer Research Foundation and the Committee on Endocrine Research 
of the National Research Council Progjmon B was supplied bi^ Dr Erwin 
Schwenk, of the Schering Corporation 

1 Silberberg, AI , and Silberberg, R Am J Path 15 55, 1939 

2 Silberberg, M, and Silberberg, R Arch Path 26 1208, 1938 
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ammak m which the injeclioiib ol cstiot^en w-eie continued foi two 
months In talile 1 the initial and final weii^hts of these animals are 
gnen the fust two hoii/ontal lows i cpi cscnting the weights of the 
guinea pigs which weighed iibout 150 Gm at the beginning of the 
cxpeiimcnt and the last two hon/ontal columns the couesponding 
figmes foi the anim.ils which had initial weights of about ISO Gm The 
table IS divided into two sections, one foi the males and the othei foi 
the females Each section is subdivided into thice vertical columns 
The fust two show the weights ol tlic noiinal contiols, the second the 
mean weights of the guinea pigs given injections of the watery solution 
of estrogen, and the thud low the mean weights of the animals which 
icccned the oilv solution of c'^trogen 

Total amounts of 1,040 lat units of estrogen m saline solution and 
4 000 lat units of cstiogen m oiK solution weic adininisteied 

r VIS] I- 1 — J nnn/ioti^ in of lutwaP Duunq llu E\ pn uiiciitt 


I < malt \«liu«N MaU Viuinnl^ 




1 etrof.i'ii 
In ''ollni' 
‘toliitloii, 

I 040 


Normal 

l?nt Lnit« 

I if,hl niiiiniil'- 

inltinl wt Iclit 
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14S 

Wolplit utter no <,In^ = 

’SV 

07*> 

Hi n\V 01)1111011: 

Inltinl volplit 

1«2 


V\ nftor no (ln\« 
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-0 
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140 

SO > 
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VO 
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> 0 ' 
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MICROSCOPIC OBSCRVATIONS 

Epiphysial Line — As eailv as thiee da}s aftei the beginning of the 
injections, but moie definitely aftei one week’s treatment, the zones of 
endochondial ossification became nai lower than ordinal ily, and thev 
revealed a slightly mci eased tendency to calcification 

The first changes obseivcd in the intei cai tilagmous chondroinucoid 
ground substance vveie of a letrogiessive chaiacter The) consisted of 
a loosening of the matrix, which became v'acuolated and latei dissoked 
The degenei ative piocesses did not spread evenly thioughout the 
epiphvsial line but formed circumscribed, chiefly wedgelike lesions, the 
base of which was located at the pioximal pait of the epiphysial line 
These alteiations usually occurred aftei fiom 240 to 500 rat units of 
estiogen had been adininisteied With inci easing doses of estrogen and 
inci easing duiation of the expeiiment, the degenei ative processes took 
one of two couises They became intensified and affected laigei areas 
which ultimately underwent calcification and finally ossification, oi the}' 
remained moie localized, and the aieas thus affected became conveited 
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into collagenous hyalinized inatenal which at latei stages became 
ossified without piecedmg calcification As a lule, the laigei the 
amounts of estiogen given and the longei the time during which the 
substance acted, the more advanced rvas the ossification of the intei- 
cai tilaginous matrix 

In ordei to determine moie exactly the width of the epiphysial line, 
a count of the cartilage cells m the epiphysial line of the upper end of 
the tibia was made, as m our foimei investigations The average 

Table 2 — Ratio of Nwnbeis of HypeitioHnc and Colitvinat Cells in One RolI 
in the Epiphysial Line of the Tibia as Obseived in Guinea Pigs Tieated 
zvith Estiogen fot Vaiymg Petwds '^mallei Doses 


Total Dose 
of Estrogen 


A-dminis Eight Anirmls Heavj Animals 

tered, , • , , — * 


Period, Dajs 

R It Units 

Males 

Pem ales 

Males 

Eemales 

3 

60 

4 1011 

4 9 

4 10 

4 10 

7 

120 

4 10 9 

34 7S» 

4 9 10 

4 910 

11 

240 

4 13 14t 

4 13 

4 1617 

4 12 13 

21 

360 

2 14 13 

0 2 14 15 

0 3 14 15 

3 4 14 

30 

520 

4 15 

3 4 12 13 

2 3 15 10 

3 14 15 

60 

1,040 

4 16 

3 4 8 9 

3 4 14 15 

23 07 


* Vhen this guinea pig was Killed, it had rcccned 160 rat units 
t When this guinea pig ivas Killed, it had received 800 rat units 


Table 3 — Ratio of Nnmheis of Hypeiti ophic and Col tninai Cells in One Roza 
in the Epiphysial Line of the Tibia as Obseived in Guinea Pigs Tieated 
zaith Estiogen foi Vaivmg Petwds Laigei Doses 


Total Dose 

of Estrogen Lighter Animals Heavier Animals 

i fiminict-orpfl- A, — — , ^ — -* 


Period, Days 

Rat Units 

Males 

Females 

Males 

Pern ales 

3 

250 

4 10 

4 89 

4 9 

3 4 78 

7 

500 

4 6 

4 8 9 

4 S 

4 S-9 

14 

1,000 

2 3 14 15 

23 67 

2 3 16 17 

2 3 13 14 

21 

1,500 

23 7 S 

23 6 7* 

2 3 7-8 

2 6 

30 

2,000 

3 4 14 15 

3 78 

3 4 9 10 

4 1516 

GO 

4,000 

4 S 

4 89 

3 8 9 

4 78 


* When this animal vas Killed, it had rccened 1 230 rat units 


number of hypertrophic and of columnai cartilage cells in one low and 
the latio between these kinds of cells were established In normal 
guinea pigs of coi responding -weights, on the average, 4 hypertrophic 
cartilage cells and 10 columnar cartilage cells were found in one cell low 
Tables 2 and 3 show the indnndual cell counts and the latio between 
the numbeis of h 3 ?perti ophic and columnar caitilage cells aftei the 
administration of estrogen In table 2 aie given figures obtained 
following the injections of the smaller doses of estiogen, and m table 
3, those obtained after the injections of the larger doses 
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Xs in t.ihks 2 and 3, the naitowing of the epiph}sial line in 
the caih i>tae[es was flue in some instances to a dccicase in the numbei 
ol the eoUunnai caUila^c eells In animals Healed wnlh 500 rat units 
ol cstio^^en in .in oih solution the nuinhci of the eoluinnai caitilaue 
cells eould he as low as 6 to 8, wheieas in those Ire.ated wnth 120 rat 
units of estio^en in ,i saline solution oici the same peiiod theie could 
he a \eu slight deeie.ise in the numhei of the columnai cells The 
Inpeiliophic cartilage cells did not show ain definite change at this 
peiind Aftci .ipproximatcK fouiteen d.ae s a iceeise process had set 
in {fig 1 ,i) 1 he epiplnsial line had become distinctly wndened 

A difieiential count ol the Inpeitiophic and columnai caitilage cells 
lexe.aled that this cnlaigeinent ot the cpi])h\sial line w'as due to an 
incicase in the mimhci of the columnai caitilage cells, the h 3 'perti ophic 
cartilage cells had beeonie less mimeious The number of columnai 
caitilage cells in one c.util.ige low was in some instances as high as 
10, the Inpeitiophic c.util.ige cells on the othei hand, w'ere not 
mfrcquentl) i educed to 2 oi to 1, and in some places thc\ W'^eie entiiclv 
lacking In most cases the diminution in the latlei type of cells occuiied 
in those guinea pigs which h.ad lecencd cstiogen m saline solution o\er 
long peiiods 'i his diminution was found m some animals e\en aftci 
treatment for as long a time as two, months, when approximately 1,000 
rat units in a watei\ solution had been injected Those guinea pigs, 
howerei which had been given the laigei doses of estrogen in an oily 
solution showed this cnlaigemcnt of the epiphysial line in the gieat 
majoiit} of cases for a shoiter period of two wrecks only This also 
coincided with the time wdren about 1,000 lat units had been admm- 
isteicd In 2 instances, how'ceei, an enlaigement of the epiphjsial line 
was found aftei a total dose of 2,000 tat units of estrogen in an oily 
solution had been injected ovei a pciiod of one month The second 
nan owing (fig ]B) of the epiphysial line in the animals which had 
received more than 1 000 lat units of estrogen in a wateiy solution took 
place in the female animals aftei a peiiod of tw^o months, at a time 
w'hen, in the concsponding males, the epiphysial line w^as still wide A 
rery definite second narrowing of the epiphysial line was found in 6 of 8 
animals which had leceived 1,500 and 2,000 lat units of the oily solution 
ovei penods of thiee oi fom weeks, and 4,000 lat units of the oily 
solution, injected over a period of tw'o months, caused a nauowmg of 
the epiph}sial line m all instances 

Associated with these changes in the numbei s of cartilage cells weie 
certain other changes which affected to some extent also the lesting 
cartilage but concerned mainly the columnai and hjpertrophic caitilage 

2a Mr S J Havward made the photomicrographs 




Fig 1 — A, photomicrograph of a section ol the epiphj'sial line of the tibia 
of a female guinea pig which had received 240 rat units of estrogen in a watery 
solution o\er a period of two w'eeks, X 1448 The w’eight of the animal increased 
from 180 to 240 Gm The epiphj'sial zone is enlarged The columnar cartilage 
cells proliferate The intercartilaginous matrix is sw'ollen in some areas 


B, photomicrograph of a section of the epiphysial line of the tibia of a female 
guinea pig which had recened 1,040 rat umts of estrogen in a waterv solution 
o\er a period of two months, magnification, same as in A The w'eight of this 
animal increased from 185 to 380 Gm The epiphysial zone is narrow'ed The 
columnar cartilage cells are diminished in number The cartilaginous row's are 
irregular and in some places lacking The intercartilaginous matrix is increased 
in amount and sclerosed 
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1 Ralnuj (ailthuji In those c.iscs ni which a decicase in the 
miinhLi ot prolifei.Uint; cMililaijc cells w.is seen the icsting' caitilagc 
cells tcinanucl inrictice ]Iowc\ei, with an incieasc in the nnmbci of 
colninnai cnitilagc cells the /one of the icsling eaitilage appealed like- 
wise nclnatecl Moic cells weic foimed, the daikh stained nuclei 
assumed an elongated oi o^al shape the cytoplasm became nicgulai, 
enlarged and thin and bianchcd pioccsses w'cie sent out b} these cells 

2 CofiDiiiio) Ca}fif(ui( In the c.ises in which a deciease in the 
nuinbei of cells h.id occinicd the aller.itions wcic difierent fiom those 
in cases in which a piolifeiation of these cells had taken place In the 
foimer the caitilagc cells Imii" in one column had legulai outlines, 
their c}topIasm was naiiow, and it contained a dense, lathei flattened 
nucleus In contiadistinclion to the noimai condition in wdnch the 
tiansition from columnar into h 3 pertiophic cartilage takes place b} a 
gradual increase m the si/c of nucleus and ectoplasm, tiansitional cell 
foims were lacking hcio Howecci, in individual instances the intensity 
of these changes caned In those instances in cchich the cells multiplied 
m.irkedlc some cells showed progiessicc hydropic scvelhng of the 
ectoplasm ffig 2B) and, owing to the increased piessme cvithin the 
cells thus pioduced, the nuclei cccic pushed toevard the peiiphcic, so 
that not infrequently seal img cells cceie foimed Furthei letiogiessivc 
changes led then to complete degeneration and destiuction of the cells 
In adc’anced cases whole cell roev-s cceie not only injtned but in some 
instances entiicly destroyed This condition, to cvhich cvere added 
degcneratice processes in the intercartilagmous ground substance caused 
iriegulaiities tlnoughout the epiphysial line Hocc’ec^ei, in othei 
instances such dcgcneiations did not occui , instead, the nuclei inci eased 
in size and loundcd off, and the cytoplasm likecvise ajipeaied 
enlarged The columnar cells then assumed a sphcioid shape, and 
moic and more they tended to take acid stains At this stage they 
underwent frequent mitotiC dicision (fig 2B) The maximum of 
nucleai dicision w'as seen wdien the animals had a weight of fiom 225 
to 275 Gm Mitoses cveie found moie fiequently in the pioximal pait 
of the low'S of cartilage cells, in the majoiity of animals the} wcie 
numeious in the center of the epiphysial line and somewhat rarei tocvaid 
the peripheral aieas In the beginning, as a rule, the 2 daughter cells 
occupied the original space of the mother cell and weie sepaiated fiom 
the upper and locvei neighboring cells of the roev by a thm but distinctly 
visible netcvoik of intercellular substance Later on, cvith further 
inciease m number and si/e of ceils, not only 2 but sometimes as many 
as 10 and more such acidophilic cells weie packed togethei m one 
alveolar space, m which no intercartilagmous ground substance w^as seen 

At still later periods, both the proliferative and the retiogiessive 
changes in the cartilage gradually leceded, and then one of two ways 
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Fig 2 — A, photomicrograph of a section of the epiphjsial line of a vertebra 
■of a female guinea pig which had received 1,040 rat units of estrogen in a water\ 
solution o^ er a period of two months , magnification, same as m fig 1 A The 
weight of the animal increased from 150 to 375 Gm The epiphysial zone is 
■narrowed Large osseous masses which unite the diaph\sial and epiphysial bones 
Tiave replaced the former disintegrated cartilaginous rows Ihree osseous plugs 
are seen in the epiphysial zone 

B, photomicrograph of a section of the epiphysial line of the tibia of a female 
guinea pig which had received 360 rat units of estrogen in a watery solution over a 
■period of three weeks, X 3266 The weight of the animal increased from 155 
■to 250 Gm Some normal columnar cartilage cells are still visible m the left 
part of the picture The majoritj of the cartilage cells have undergone prolifera- 
tion, hypertrophy and degeneration Seal ring cells and cells of epithelioid 
structures ha\e been formed Mitosis is noted in the center The intercartilagmous 
matrix is increased in amount and shows fibers running in a parallel direction, 
resembling “asbestos transformation ” 
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of reaction could he distinguislicd (a) Tlie cell capsules became 
thickened and at the ])eni)hei> of the basophilic cells an intensified 
incuistation uith calcium <JaIts was noticc.iblc, which lattei subsequently 
penctiated into the cells ] he aiiangcment of the lows lemamed 
irregular 'lluis undei the influence of cstiogcn in animals appioM- 
matei} 3 months old and weighing between 350 and 425 Gm the 
coluninai caitiiagc icsemblcd m hi^'tologic appeal ance m some cases 
that ot noinial guinea jngs weighing 700 to 800 tiin and appioximately 
8 to 0 months old Oi i b) the columnai caitilagc cells did not undergo 
calcification and stained maikcdl\ with acid d\cs Then the ossifying 
mat! IX began to enclose the cGls, .uid giaduall} a dnect conveision of 
the cartilage cells into ]iicosteoc\tes and ostcocUes took place Osseous 
plugs weie ioniied which extended longitudmalh thiough the epiph}sial 
7one In the centei of these plugs ])icset\cd caitilage cells of columnai 
t}pc could still be lecogni/ed Such cells weie also occasionally found 
in newh foinied tiabcculae whicii i cached downwaid into the bone 
marrow In these stages the cpiph\sial line appeared not unlike that 
of noimal animals at the end of the fiist oi in the second yeai of life 
3 Hypo h ophic Coilihr/c The i eduction in the mimbei of hypei- 
tiophic caitilage cells was due to an aceclciated bieakdowm of the cells 
and their leplacenient i)} iione and it was accompanied bt intensified 
calcification and ossification of the mteicaitilagmous matiix If 
calcification picdominatcd. capillaries of the bone mariow' eioded the 
capsules of the cartilage cells, and mimeious epithelioid cells and 
multinucleated phagoc}tic giant cells adcanced into this legion Sub- 
sequent!), a quick and acceleiatcd substitution of the calcified caitilage 
by bone took place The gicatei the lapidit) of ossification in 
comparison with the speed of tiansformation of the columnar into 
Inpertrophic caitilage, the nanower became the layei of hypeiti opine 
caitilage In cases how^evei, in Avhich the calcification of the hypei- 
trophic cartilage was less maiked, the caitilage cells weie not bioken 
dowm, but their dnect conversion into osteocytes w'-as obseived, a 
phenomenon analogous to that desciibed in the columnar caitilage In 
contiast to the evenly piogressing piocess of leplacement, metaplasia 
of cartilage into bone occuired in an irregular mannei in vaiious areas, 
particulaily wdiere thick collagenous acidophilic substances had been 
deposited m the epiphysial line It seemed to be the contact of the 
cells with this collagenous material which gave rise to different centers 
of ossification Such centei s coalesced m places with the ossified areas 
in the columnar zone and helped to form the aforementioned osseous 
plugs (fig 2 A) 

Chondiophyte — Conditions here conespond to the changes which 
took place m the epiphysial line In those instances in which hypeiplasia 




Fig 3 — A, joint surface of the tibia of a normal female guinea pig, X 220 
The weight of the animal was 200 Gm The cells of the various cartilage zones 
are well preserved The uppermost or sliding zone shows flat resting cells hori- 
zontally arranged The cells of the transitional zone are somewhat rounded oflF 
and likewise resting The cells of the pressure zone show a fairly regular 
arrangement Hypertrophic cartilage cells are present in normal number Ossifica- 
tion IS normal 

B, joint surface of the tibia of a female guinea pig which had received 360 
rat units of estrogen m a watery solution over a period of three weeks, magni- 
fication, same as m A The weight of the animal increased from ISS to 230 Gm 
Ossification is advancing and engulfing many hypertrophic cartilage cells Cells 
of the pressure and transitional zones hjpertrophy and some of them degenerate 
Cells of the sliding zone are somew'hat hjperplastic The intercartilaginous stroma 
IS increased in amount and hjalinized 
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and Inptitiopln paiticulaih ol the icsting epiphjsial caililage were 
noted, a slight Inpciplasia and hypeitrophy of the euh} aline cartilage 
wcic also seen in the lateial piotubeiaiices, especially in places adjoining 
the epiplnsial line If the piohfeiatioii was ven much accentuated, 
slight letrogicssnc change^ could he detected not only m the cartilage 
cells hut also in the nitcistitial substance 

Joint — Aftci one week s tieatment the zone of hyperti opine caitilage 
was all each tenind to he nan owed, piovidcd as much as about 500 lat 
units ol estingcii had been injected dm mg this peiiod The inter- 
caitilaginous matiix increased moic and moie, it became sclerosed 
and at later periods osseous In contiadistmction to the normal 
processes (fig 3A) ni Aclnch the caitilage cells bioke down by way 
of chondioclasis and subsequently w'erc leplaced by bone, m the 
estrogen-treated guinea pigs not mfiequently a diiect conveision of 
the In pel trophic cells into ostcoc}tcs occuired Thus hypertrophic 
cartilage cells suiiounded bj bonj substance W'eie observed not only 
in the ossifying layer but also in the tiabeculae of the epiphysial cavity 
The bony border lamella which demarcates the zone of hypertrophic 
cartilage w'as distinct!} thickened (fig 3/?), and gradually the ossification 
began to advance tow aid the pressure and transitional zones At this 
stage the caitilage cells of these la}crs became moie numeious and 
enlarged One cartilage capsule often contained as many as 4 or more 
large cells, thus indicating that piohfciation had taken place In other 
instances retrogressne changes w'ere noticeable The enlarged cytoplasm 
then became swollen, ^acuolated and liquefied, karyorrhexis and 
karjolysis w^ere ficquently seen The faither the ossification proceeded, 
the moie pronounced became both progressive and retrogressive changes 
in the cartilage Within two to foui weeks, and this was especially 
the case in the guinea pigs tieated with the laiger amount of estrogen 
m oily solution, thick osseous masses leplaced the oiiginal hypei trophic 
and pressure zones Simultaneously, the normally flat and horizontally 
arranged cells representing the transitional zone took on a perpendicular 
arrangement and leacted in the same w^ay as the cells of the original 
pressuie zone They multiplied and hyperti ophied Slight to moderate 
proliferation of the cellular constituents of the sliding zone was found 
m some instances (fig 4) The cartilage of the female guinea pig 
responded more leadily and more intensely to the action of estrogen 
than that of the male under corresponding conditions In the males 
hyperplasia and, in paiticulai, also hypertrophy weie less accentuated 
than in the females 

After the large doses of estrogen had acted for a period of two 
months, cellular proliferation was no longer seen , however, pronounced 
thickefiing of the cortex of the joint was visible This consisted of 
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a dense layer of bone lying underneath a narrow sheet of cartilage, 
which was the remnant of the former coveiing Inside the osseous 
masses the original line of calafication was still present in some places 

Bone Mariow — ^At the eailier stages of the injections of estiogen 
the inaiiow contained more fat cells than ordinarily Chiefly near the 
endosteum and in the neighboihood of the bony spiculae in the 
subepiphysial layer, the connective tissue became thickened by the 
deposition of a larger amount of collagenous fibeis, which later under- 


1 



Fig 4 — ^Joint surface of the tibia of a female guinea pig which had received 
4,000 rat units of estrogen in an oily solution over a penod of two months, 
magnification, same as in figure 3 A The weight of this guinea pig increased 
from ISO to 365 Gm Ossification is far advanced, it has entirely replaced the 
hypertrophic zone and partly replaced the pressure zone The cells of the transi- 
tional zone are markedly hyperplastic and hypertrophic and show a perpendicular 
arrangement Some cells have undergone degeneration Cells of the sliding zone 
have partly rounded off The intercartilaginous matrix contains large masses of 
sclerosed material, which produce the spotty and uneven appearance of the 
ground substance in the picture 


went hyalmization and sclerosis The fibiocytes proliferated markedly, 
and there were many mitotic figures noticeable At the same ’time 
the mesench) mal reticulum showed accelerated development in the 
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clnection of (o) fibiosis oi (b) production of bone-foiming elements 
01 (c) ]-)ioclnclion of mcgakai \ ocylcs 

The libioiis changes in the leticulum intensified the fibrosis in the 
inaiiow In some inst.mces the mescnch3'mcil spindle cells lounded 
oft and mimcious mitoses appealed in these small to medium-sized 
ameboid acidophilic epithelioid cells Be accumulation of such cells an 
osteoid tissue developed 1 his took place particulai ly at latei stages 
in the suhepipln sial aieas adjoining the la}er of h3peitiophic cartilage 
of the epiph3sial zone and ol the joint, whcie in the beginning a fibrous 
tissue had been laid do^\n In othei places these cells did not assume 
a tissuehke stiucture hut \\eie aiianged in a headlike mannei This 
could he ohseixed paiticulaih aiound the bony tiaheculae In some 
cases the epithelioid cells acted as osteoblasts which undeiwent further 
diflcrentiation into ostcoc3tes, m othei instances they coalesced, pro- 
ducing osteoclastic phagoc3 tic giant cells which absorbed and caused 
the solution of the hyalmizcd and osseous masses, which lattei had 
been pioduced in excessne quantities In the earhei stages of the 
experiments the appositional piocesscs piedominated, as a result of 
which the numbei of tiaheculae became increased and the individual 
trabeculae were thickened in the subepiphysial zone After one to two 
months’ ticatment ■with estrogen, howevei, the resorptive processes were 
comparatively more accentuated Thus iiioie iioinial conditions were 
restored, and in some cases the tiaheculae seemed even to be thinnei 
than undei oidinai3 conditions Farther distally the alteiations in 
these structuies were much iiioie moderate, although the3 were similar 
m character, near the endosteum, fibrous changes were quite marked 
At the end of two months of tieatment with estrogen there was no 
evidence of apposition of bone at the endosteum 

As far as the effect on the megakaryocytes is conceined, the henio- 
C 3 'toblasts were pronouncedly inci eased in number after tliiee to four 
weeks of estrogen administration They frequently underwent fusion 
and nuclear division Nuineious megakaiyocytes were formed, which 
showed ameboid activit3’^ and multiplied mitotically They were 
accumulated chiefl3'^ in the neighborhood of the trabeculae, where they 
were held back and at later stages could not be distinguished from the 
giant cells of epithelioid chaiacter 

The question arises as to whether the increase in the number of 
the megakaryocytes was due solely to proliferation of the cells, or 
whether it went hand m hand with inci eased resistance of these young 
megakaryocytes to mjuiious conditions and decreased tendency toward 
disintegiation The lattei assumption must be taken into serious con- 
sideration, especially m view of the observation made more recently 
that after administration of estrogen a decrease in number of thrombo- 
cytes takes place in the peiipheial blood and that severe spontaneous 
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hemorrhages have been reported in dogs following this decrease in 
thrombocytes (Arnold and co-workers®, Schrade^) In one of our 
animals which had to be put to death we found an extensive spontaneous 
subphremc hemorihage, which may perhaps have been due to thrombo- 
penia 

As described, in the epiphysial line some tiabeculae might still contain 
single cartilage cells or groups of cartilage cells, either of the hypei- 
trophic or of the columnar type, which had been directly converted into 
osteocytes, intensive ossification, however, had taken place in 46 of 
48 cases, in only 2 instances the formation of strands of hypertrophic 
calcified but not as yet ossified, or only incompletely ossified, cartilage 
was suggested In these instances we had, however, to deal with 
abnormal conditions One animal had died of peiitonitis, the other 
had had an attack of pneumonia and had suffered loss of weight 
These 2 cases have necessarily to be discarded for the purpose of 
analyzing the effects of estrogen on cartilage and bone 

Bony Shaft — The first changes were seen after one week’s treatment 
and were more marked when higher doses of estrogen had been given 
The periosteal connective tissue became densei , thickened and sclerosed , 
it increased gradually m amount and consisted of masses of collagenous 
and hyahnized fibers, among which were numerous fibrocytes which had 
proliferated by way of mitoses On the other hand, the osteoclastic 
giant cells were definitely diminished as compared with the normal 
conditions, and they were separated from the bone by a layer of fibrous 
connective tissue Therefore the surface of the compact bone was 
smoother than is ordinarily the case, and only a few, quite superficial 
lacunar grooves were visible This was the state of the periosteum at 
the period when appositional processes predominated along the trabeculae 
in the bone marrow At later periods there appeared within the 
periosteal connective tissue, medium-sized to large round epithelioid 
acidophilic cells, which m some aieas were arranged m small islets and 
longitudinal groups and in other places had coalesced and formed giant 
cells One has the impression that the accumulations of such cells 
were the consequence of the prolifeiation and hyalinization of the 
connective tissue The latter processes inhibited the ameboid movement 
of the epithelioid cells, which were held back and could not come in 
contact with the compact bone 

Aftei administration of estrogen for periods of one month and 
over, large round and spindle-shaped cells, lepresentmg vaiious 
transitional structures between fibrocytes, precartilaginous cells and 

3 Arnold, O , Hamperl, H , Holtz F , Tunkmann, K, and Marx, H 
Arch f exper Path u Pharmakol 186 1, 1937 

4 Schrade, W Folia haemat 61 145, 1939 
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topical euhyaline cartilage cells, were found m the periosteal connective 
tissue The closei these cells weie situated to the compact bone, the 
moie they enlarged and took on the definite shape of cartilage cells, 
ill which the C3toplasm often was very much vacuolated (fig 5 A) In 
some places, chiefly m the middle of the shaft, such cartilage cells were 
found within the osseous masses, thej seemed to have invaded and 
dissolved the compact bone Between these cells there remained large 
strands of dense acidophilic substances The cases in which these 
marked piocesses of invasion and solution of the bone took place were 
those in which also aiound the trabeculae of the mariow the lesoiptive 
changes weie more pronounced than the appositional ones The 
development of caitilage cells along the shaft was found in all the 8 
animals which weie examined after t\\o months of treatment with 
estrogen and m the majorit}'' of those examined as early as after one 
month Although m some instances the haversian channels seemed to 
be less fiequent than ordinarily, no ewdence of an appreciable apposition 
of bone could be detected after two months’ tieatment 

Ribs — In the cartilaginous pait of the iibs the resting cartilage 
degenerated in diiect proportion to the amount of estrogen administered 
and the time during which it acted The cytoplasm of the cells appeared 
enlarged and vacuolated The nuclei became pyknotic and finally 
disintegrated Thus changes which undei normal circumstances are 
seen in old guinea pigs became moie and nioie intensified In the 
beginning, onl} single cells weie aftected, but later whole gioups of 
cells underwent this retiogression The intercai tilaginous matrix 
became first sw'ollen and ^acuolated, at latei stages it mci eased m 
amount, and especially around the cytoplasm of the degenerating cells 
acidophilic collagenous and h}alinized substances weie seen coxeiing 
circumscribed areas and including moie or less pieseiied cartilage cells 
or cell debris (fig 5B) In cases in which the process was advanced 
such sclerosed material lesembled osseous giound substance, although 
the enclosed cells could still have the chaiacteiistics of cai tilaginous 
elements This condition diffeied fiom that seen m noimal old guinea 
pigs, inasmuch as undei the influence of estiogen hyahnization of the 
degenerated cartilage occuired, w'heieas calcification of the degeneiated 
areas was lacking In the zone of proliferating cartilage the matiix 
and the cells occasionally underwent similai, although less maiked 
retrogressive alteration, but at later periods, especially, growth processes 
became noticeable The columnar cells multiplied frequently by wa} 
of amitotic division The layer of the hypeitiophic cartilage was 
somewhat narrowed, and the cells showed only a moderate degree of 
calcification On the other hand, ossification proceeded with the same 
rapidity and intensity as m the epiphysial line of the long bones At 
the periosteum, chiefly neai the chondio-osseous junction thickened 
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Fig 5 — A, section from the shaft of the tibia of a male guinea pig which 
had received 1,040 rat units of estrogen in a watery solution over a period of 
two months , X 212 4 The weight of the animal increased from 180 to 435 Gm 
At the top there is the bony shaft with marrow spaces At the bottom there is 
the proliferating connective tissue of the periosteum Between periosteum and 
bone there is an enclosure of cartilage which, below the marrow cavity at the 
right end of the picture, is seen penetrating into the bone Some of the cartilage 
cells ha\e undergone h 3 pertrophy C>stic enlargement of the cartilage in the 
middle of the picture is noted 

B, section through the cartilaginous part of a rib of a female guinea pig 
which had received 520 rat units of estrogen in a waterj solution over a period 
of one month , magnification, same as m A The weight of this animal increased 
from 175 to 265 Gm Marked h%ahnization of the intercartilaginous matrix of the 
rib IS indicated bj the dark-appearing material 
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h}alini/ed fibiils developed in the iiiteicellulai stioma The fihiocytes 
piolifeiated maikedly and weie quickly conveited into precartilagnious 
cells Finall}, owing to the stimulation of giowth piocesses in the 
peiiosteal tissue, a solution of the hony substance could take place 
As fax as the peiiosteal changes as ^\ell as those affecting the othei 
constituents of the iihs weie concerned, one had to deal with structural 
alteiations A\hich weie identical with those in the coiiespondmg elements 
of the tihia As a consequence of these \aiious piocesses, enlaigement 
and thickening, especially of the caitilagmous paits, resulted, which 
in advanced conditions pioduced a slight iosai3'^-hke swelling of the 
chondio-osseous junction The hehavioi of the hone maiiow coi re- 
sponded to the findings in the long hones 

Votcbial Column — In the mteivcitehial disks the mesenchymal 
stroma underwent letiogiessive changes, wdnch weie indicated by 
loosening and vacuolation of the giound substance Subsequent!) 
maiked thickening and hyahni^ation of the fibiils w^eie noticeable At 
latei stages the sclerosed matiix, which contained bundles of thick 
collagenous fibers, became distinctly densei than oidmaiily and inci eased 
in amount Alteiations of the cells w^ent hand in hand wnth changes m 
the stioma The spheroid fihi ocartilage cells, wdnch iisnalh aie scaice, 
began to prohfeiate h) way of amitotic dnision They inci eased not 
only in numhei hut also m size The cell nuclei w'^eie enlaiged, and 
the cytoplasm w^as rounded off Thus in some cases stiuctuies lesulted 
which showed all kinds of tiansitions between oidinaiy connective tissue 
cells and cartilage cells and wdnch finally could not be distinguished fiom 
cells chaiacteiistic of euhyahne caitilage, in other instances the hypei- 
plasia led to the production of dense connective tissue Within three 
to four wrecks aftei the beginning of the adnnnisti ation of estiogen 
pyknosis and kaiyolysis of the fibrocaitilage cells could he observed 
frequently Retrogiessive changes were accentuated the more, the more 
the cells increased m size 

The effects noted on the vertehiae coi responded in all details to 
those seen in the long bones As to the zones of endochondral ossifica- 
tion, degenerative processes weie followed b) hyalmization of the 
mtercartilagmous chondiomucoid matiix and its conversion into thick 
collagenous acidophilic masses, which became similai to osseous ground 
substance Owing to predominance of ossification piocesses over new^ 
formation and differentiation of cartilage cells, the epiphysial line 
became nan owed at first Subsequent growth, in particulai of the 
columnar cartilage cells, as evidenced by nuclear dnnsions associated 
with cellulai hypertrophy, led to temporal y enlaigement of the zones 
of ossification Mitotic proliferation of the euhyahne caitilage cells 
covering the mterveitebral joints was obseived in cases in which nuclear 
division had occurred also in the epiphysial cartilage cells Ultimately, 
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whole cell lows of piohferating cartilage degenerated and bioke down 
Such degenerated areas wei e quickly replaced by bone Thus numerous 
thick wedgehke osseous plugs were found extending from the marrow 
throughout the whole epiphysis (fig 2 A) These plugs occasionally 
contained caitilage cells which were still recognizable and which weie 
being converted into osteocytes 

Aftei one to two months’ treatment vith estrogen these plugs became 
so laige and numerous that the epiphj'sial line appeared almost ossified 
The piocesses of apposition and solution which took place at the inner 
border of the periosteum and around the trabeculae of the bone marrow 
vere compaiable to those seen in the long bones, likewise, the changes 
in the bone marrow and its vaiious elements were the same 

COMMENT 

The action of estiogen on cartilage and bone in the immature guinea 
pig IS shown as follows At first, loosening and vacuolation of the 
intercartilagmous chondiomucoid ground substance take place This 
condition is associated with temporal y suppression of the differentiation 
and growth of the lesting and piohferating cartilage, wheras the 
ossification of the hypertrophic cartilage is accelerated As a result 
of these changes, the zones of endochondral ossification become 
narrower In the joints the layer of hypertrophic caitilage also 
diminishes in width and subsequently undeigoes ossification The bone 
mairow becomes fatty, an apposition of epithelioid osteoblasts along 
the trabeculae causes thickening of the bony spicules which may also 
increase in number In the subepiphj'sial layer, at the endosteum and 
111 the periosteum intensified growth processes of the connective tissue 
lead to development of a fibrous tissue m which numeious collagenous 
fibers are sclerosed The retrogressive changes which gradually progress 
in the cartilaginous matrix may also affect the cartilage cells themselves , 
karyolysis and kaij^orrhexis occur, and a loss of the normal structure 
of the epiphjsial line lesults Later, the growth processes of the 
euhyahne cartilage are resumed, hypeiplasia and hypei trophy are 
increased above the normal le^el Thus the zones of endochondral 
ossification and the caitilaginous coveiing of the joints appear widened 
In the caitilage cells of the joint the hyperplastic and h 3 "pertrophic 
changes aie distinctly more accentuated in the female than in the male 
guinea pigs In the various cartilaginous tissues the sclerosed inter- 
cellulai matrix increases in amount and becomes more and more similar 
to osseous ground substance With increase in the production of 
scleiosed connective tissue, the ameboid movement of the osteoblastic 
epithelioid cells in the neighborhood of the trabeculae of the bone marrow 
and in the peiiosteal cambium layer is inhibited, and in the osseous 
structures solution processes predominate over the apposition of bone 
elements h 
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At still latei stages, in the zones of endochondial ossification either 
the prolifeiating caitilage undeigoes calcification, bieakdown and 
replacement by bone oi iiiegiilai ciicumsciibed accelerated metaplastic 
conveision of columnar and hyperti opine caitilage cells into osteocytes 
leads to the foimation of osseous plugs This condition causes a second 
narrowing i\ith paitial ossification of the epiphysial lines and complete 
ossification of the cartilage cells of the pressure and transitional layers 
in the joints On the othei hand, the bony constituents of the marrow 
cavity assume again moie noimal appearances The formation of cells 
resembling hemoc} toblasts as well as of megakaryocytes is mci eased 
In the periosteum, conversion of connective tissue cells into hypertrophic 
precartilage and ultimately into typical euhyahne cartilage cells is 
noticeable These caitilage cells which aie deposited along the bony 
compact layei of the shaft in\ade the osseous substance, they may 
undergo marked hypeitiophy and also some degeneiation 

The degree of the changes thus induced varies m different cases 
and is detei mined by the time during which the estiogen acts, the 
amount of the substance administered and the speed of resorption of 
this substance 

We must then conclude that the effect of estiogen on the skeletal 
tissues IS a rather complex »<process It cannot be defined as mere 
ossification of the epiphysial disks with subsequent cessation of growth 
m the lengthwise direction, as described by Tausk and de Fremery ® 
m castrated dogs tieated with an estrogen for twelve days, nor as 
hyperostotic osteoclerotic growth in the shaft and the marrow cavity 
of the long bones, changes which have been observed by Zondek ® in 
fowls and by Gardner and Pfeiffer in mice and pigeons 

As far as the effect on the epiphysial line is concerned, a fairly 
general agreement seems to exist that estiogen produces narrowing and 
subsequent closure of this structure Zondek found persistence of the 
epiphysial disks with simultaneous arrest of growth of the long bones, 
a condition which he identifies as pituitary dwarfism caused by inhibit- 
ing action of the estrogen on the pituitary gland Only two investiga- 
tions have come to oui attention in which a histologic analysis of the 
epiphysial changes was made One of them was cairied out by Coryn,® 
who admmisteied gonadotiopic substances to castrated rabbits, and 
the other by Seeman ® who, on the assumption that the narrowing of 

5 Tausk, M , and de Fremery, P Acta brev Neerl 5 19, 1935 

6 Zondek, B Lancet 2 842, 1936 

7 Gardner, W U , and Pfeiffer, C A (a) Proc Soc Exper Biol & 
Med 37 678, 1938, (b) Endocrinology 23 485, 1938 

8 Coryn, G Presse med 45 1649, 1937 

9 Seeman, H Endokrinologie 18 225, 1937 
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the epiphysial line under the influence of estrogen was definitely proved, 
used this effect as the basis of a test for the presence of estrogen in 
the testicles of hogs However, it may be stated that not only estrogen 
but also an extract of the anterior lobe of the pituitary gland may lead 
to narrowing of the epiphysial hne’^® and that, as our experiments 
have shown, estrogen at certain stages ma}, on the contrary, cause 
widening of the zones of ossification 

As to new foimation of bone, we have observed accelerated and 
intensified ossification in the preexisting zones of ossification and also 
in the cartilage of the joint The same observation seems to apply also 
to the cartilage of the ribs, where the hyahnizing processes may perhaps 
be considered as piecuisois of ossification But this interpretation will 
have to be verified by further experiments, which must be extended over 
longer peiiods 

However, with the exception of temporal} apposition of bone around 
the trabeculae and likewise temporary increase in the number of the 
trabeculae m the epiphyses and diaphyses during the first four weeks 
of treatment, we have not observed any appreciable apposition of bone, 
either periosteally or endosteally, sufficient to cause thickening of the 
compact bone or narrowing and occlusion of the lumen of the marrow 
cavity On the contrary, we have seen lesorptive processes of con- 
siderable intensity acting on the cortex of the bones as well as on the 
trabeculae of the bone marrow after the fiist month of treatment 

In attempting to interpret the action of estrogen on the skeletal 
tissues we have (1) to distinguish between the effects of this substance 
on the various cellular constituents and those on the intercellular matrix 
and (2) to determine, if possible, which of the changes described are 
produced by the hormone itself, which may be due to a secondary 
hormonal influence and which may be induced by altered conditions in 
the affected tissues It must be borne in mind that ossification even 
under normal ciicumstances is constantly controlled by both general and 
local factors and that a disturbance in either may alter the course of 
ossification 

Two diffeient effects are exerted by estrogen on the cartilage cells 
of the epiphysial lines At early stages and again after considerable 
amounts of the estrogen have been administered, definite suppression 
of growth occurs as far as size and number of cells are concerned It 
IS possible to explain this as a reversal of the effect of gonadectomy, 
which latter stimulates the growth of the cartilage by way of the pituitary 
gland ^ Estrogen may inhibit the effect of the anterior lobe of the 
pituitary gland in a nonspecific way 

This explanation, however, cannot hold good for the second effect, 
observed in the intermediary stage, m vhich the epiphysial line is 


10 Silberberg, Proc Soc Exper Biol &. IMed 32 1423, 1935 
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widened and the nnmbei of the columnai cells is increased At piesent 
we cannot harmonize these opposite eftects with each other unless we 
attribute the last named to local conditions The degenerative changes 
which take place within the matiix may perhaps exert a stimulating 
influence on neighboiing cells, causing them to multiply and to assume 
the appearance of epithelioid cells This condition persists up to the 
point when ossification advances from the marrow and pi events the 
cartilage cells from fuithei piohferation , it is found also in the caitilage 
of the joints, wheie the advancing hyahnization and ossification of the 
matrix is accompanied by giowth piocesses of the cartilage of the 
adjoining zones 

In the intercartilaginous matrix initial swelling and vacnolation are 
followed by maiked hyahnization and subsequent ossification In this 
connection it may be of interest to mention that hyahnization of the 
connective tissue and muscle tissue of the uteius and vagina of the 
mouse has been observed b} Loeb, Suntzeff and Burns following 
injections of laige quantities of estrogen and that this process initiated 
foreign body reactions in the surrounding connective tissue The ques- 
tion arises as to whethei the hyahnization of the cartilaginous matrix, 
which initiates the metaplasia of the cartilage cells into osteocytes, is to 
be consideied as the fiist stage of the piocess of ossification oi whether 
It creates merely a local condition which in the case of the tissues 
possessing the ability to foim bone is favorable to increased production 
of bone 

The rather widespread lesorptive processes, which occur at the cortex 
with the cooperation of peiiosteal cells and about the trabeculae under 
the influence of connective tissue constituents of the bone marrow, are 
an expression of destructive action counterbalancing the bone building 
functions which these cellular elements exert under other conditions 
We have observed a great number of giant cells, which dissolve the 
bony substance The connective tissue may penetrate rather deeply into 
the cortex and here form small plugs surrounded by bone In these 
areas as well as m others adjoining the bone from the periosteal side, 
cartilage is frequently found We cannot as yet decide whether this 
intense ectopic cartilage formation is induced by hormonal factors or 
whether it is a consequence of local conditions, the nature of which 
needs further investigation In this connection we may refer to the 
observations of Zawisch-Ossenitz,’^* who described the occurrence of 
islands of “basophilic substance” in the diaphysis of the long bones in 
various species of animals She refers to the similarity which this 
basophilic substance exhibits to precai-tilage substance 

11 Loeb, L , Suntzeff, V, and Burns, E L Science 88 432, 1938, Am J 
Cancer 35 159, 1939 

12 Zawisch-Ossemtz, C Ztschr f mikr-anat Forsch 10 473, 1927 
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SUMMARY 

Estrogen administered to immature guinea pigs over periods of 
from three to sixty days causes retrogressive changes, increased hyahni- 
zation and ossification of the intercaitilaginous ground substance in the 
epiphysial disks, ribs and vertebrae 

The cartilage cells respond with tempoiaiy cessation of growth and 
differentiation, followed by degenerative changes and subsequent pro- 
liferation and hypertrophy The growth processes are accompanied by 
an accelerated and intensified breakdown of the growing cartilage and 
leplacement by bone or by an accentuated diiect metaplasia of columnar 
and hypertiophic cartilage cells into osteocytes These processes may be 
considered as premature aging of the cartilage 

A transitory deposition of osteoid tissue around the preexisting 
trabeculae is followed by resorptive piocesses of the bon)'- substance 
A strong prohfeiation of the mesenchymal stioma of the bone marrow 
and the peiiosteum leads to the development of a sclerosed fibrous tissue 
At present it is not ceitam that these effects aie specific to certain 
hoimones One may also considei the possibihh that in addition local 
factors play a role in the development of these piocesses 
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In 1913 Anitschkow ^ published a lepoit of his expeiimental studies 
on the formation of granulation tissue in the myocaidiuin In this papei 
he discussed at some length a cell in the mjocaidium to which he gave 
the designation “myocyte” This cell was one of characteiistic and 
constant appeal ance It was distinguished bj the piesence of a peculiar 
longitudinal bai or lod within the nucleus, composed piesumably of 
condensed chromatin substance, this bar had a senate edge and was 
sepal ated fiom the nuclear membiane bj' a clear zone on all sides 
(fig lA) 

Anitschkow’s attention was diawn to this cell by its occuirence in 
granulation tissue which had been expei imentally pioduced by intro- 
ducing foreign bodies into the myocardium of labbits This “myocyte” 
had previously been observed and supeificially described, particularly 
by Von Oppel " in 1901 and Saltykow ® in 1905 Both these investi- 
gators and also a number of subsequent obseiveis, including chiefly 
Karsner and Dwyei,^ Jacki,® Watjen,® Hesse and Hesse ^ and Semsroth 
and Pool,® had their attention diawn to the “myocyte” in the course of 
studies which -weie concerned with the reaction of the myocaidium to 
traumatic injuries, foreign bodies, inflammation and infarction produced 
by ligation of coionary arteries and also with the question of regenei- 
ation of the myocardium following its destruction from one cause or 
another 

From the Laboratories of Lebanon Hospital and Mount Sinai Hospital 

1 Anitschkow, N N Beitr z path Anat u z allg Path 55 373, 1913 

2 Von Oppel, W Virchows Arch f path Anat 164 406, 1901 

3 Saltykow, S Virchows Arch f path Anat 182 1, 1905 

4 Karsner, H T , and Dwyer, J E J M Research 34 21, 1916 

5 Jacki, E Frankfurt Ztschr f Path 22 82, 1919 

6 Watjen Verhandl d deutsch path Gesellsch 18 223, 1921 

7 Hesse, M , and Hesse, E Virchows Arch f path Anat 252 275, 
1924 

8 Semsroth, K, and Pool, E Frankfurt Ztschr f Path 34 451, 1926 
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In 1929 there appeared a paper by Wenezianowa-Grusdkowa 
devoted specifically to the Anitschkow “myoc 3 de/’ in which the question 
of the origin of this cell was considered from the standpoint of modern 
histogenic concepts and in which a more thorough attempt was made to 
discover the nature of the cell by histologic studies and by intravital 
injections of dye 

In 1938 Richard H Jafite/® m his monograph on the reticuloendo- 
thelial system, piesented a rather complete though shoit, discussion 
of the Anitschkow “myocj'te ” 

In the piesent study the question of the origin and significance of 
the Anitschkow “myocyte” is taken up anew on the basis of embryologic 
and comparative anatomic observations 

MATERIAL AND METHODS 

For the purpose of this study, numerous hearts were examined in the fol- 
lowing general groupings (1) human age series, (2) human embrj^o series, 
(3) chick embr^o senes and (4) general animal series The animal senes com- 
prised hearts from over twenty-five different species and included almost the 
entire subphylum of vertebrates The hearts were examined chiefly in thin 
paraffin sections stained with hematoxylin and eosin and occasionally with other 
stains, such as Van Gieson’s and the silver impregnation stain In addition, 
representative sections were made of fresh unfixed material prepared by the 
frozen section method and stained with hematoxylin and eosin Also, frozen 
sections of fixed material were examined Fixation was always by formaldehyde 

Because of the distinctive intranuclear formation present in the cells under 
consideration and because of the occurrence of these cells in a rhythmicallj'- 
pulsating organ, namely, the heart, the possibility of artefactual influences determin- 
ing their appearance in sections was taken into consideration However, examina- 
tion of fresh unfixed material by the frozen section method and examination of 
thin blocks of fresh unfixed tissue prepared without freezing and examined by 
the Terry method (utilizing polychrome methylene blue) disclosed intranuclear 
formations identical with those observed in fixed paraffin sections Semsroth and 
Pool ® also felt that the distinctive nuclear appearance was not an artefact, chiefly 
because other nuclei in the vicinity were of normal appearance 

GENERAL DESCRIPTION 

This investigation has been concerned with a cell (fig lA) which 
shows a characteristic appearance under a high power objective This 
appearance is very striking, and in the vast majority of instances it is 
clearly distinguishable from that of all other nuclei occurring not only 
within the heart but, so far as our experience goes, m other tissues of 
the body as well In the normal heart during the postnatal period, in 
both man and animals, this cell appears practically free from distinguish- 

9 Wenezianowa-Grusdkow a, M S Frankfurt Ztschr f Path 37 538, 1929 

10 Jaffe, R H The Reticulo-Endothelial System, in Downey, H Handbook 
of Hematology, New York, Paul B Hoeber, Inc , 1938, vol 2, pp 1008 and 1089 
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able cytoplasm Occasionally a small permuclcai zone of cytoplasm 
may be obseived at eithei pole of the cell (fig 1C) Such cytoplasmic 
tabs, \\hen piesent, are cleat, homogeneous and slightly basophilic and 
taper out rapidly into thin stiands at each end of the cell, which dis- 



Fig 1 — A, human heart valve at the age of 8 years, photomicrograph, X 1,800 
Two “myocytes” are seen sectioned longitudinally B, human heart at the age 
of 6 months , camera lucida drawing , X 1,800 A “myocyte” in longitudinal sec- 
tion adjoins a muscle fiber C, adult frog heart, camera lucida drawing, X 3,000 
A “myocyte” is seen in longitudinal section, with tabs of cytoplasm visible at 
both poles A portion of a fibroblast is seen above to the left D, human heart 
at the age of 6 months, camera lucida drawing X 1,200 At the right of center is 
a "myocyte” in cross section A "myocyte” in longitudinal section is seen at the 
lower left Note the three muscle nuclei within muscle fibers 
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appear into the ground substance In the experiments of Wenezianowa- 
Grusdkowa,® the cytoplasm of the “myocytes” was clearly indicated 
in those instances in which these cells stoied intravital dye 

The special morphologic chaiacteiistics of this cell are concerned 
with the nucleus The appearance presented is almost constant in any 
given plane regardless of the part of the heart in which the cell is 
encountered or of the prenatal or postnatal age period in which the 
heart is examined The nucleus as seen in longitudinal section appears 
as a rather umfoimly elliptic structuie with a sharply outlined, thin uni- 
form membrane, which stains darkly with hematoxylin The intra- 
nuclear space appears empt}'^ or vacuolated, and within this clear zone, 
occupying the central portion of the intranuclear space, there is a con- 
spicuous rod-shaped body This body vanes somewhat in thickness, 
being usually tapeied toward the poles, and its outline is slightly ser- 
rated This bod}'' always takes a deep nuclear stain The general 
configuration of this lod is such that it occupies almost the entire long 
axis of the nucleus, reaching at the tapered poles almost to the nuclear 
membrane At its widest point, which is usually near the center, the 
widtli of this lod-shaped structure is approximately one-thud that of 
the nucleus, and because of its central location theie lemains on each 
side of it a cleai zone which is equal also to appi oximatel}' one-third 
the width of the nucleus Radiating fiom the seriated edges of the 
rodlike body, usually at right angles to its long axis, aie extremely 
fine fibrillar stiuctuies which extend directly from the side of the lod- 
shaped body toward and in many cases up to the nuclear membiane 
These threadlike structures cannot be obsened emanating from all 
the toothhke projections in this intranuclear stiuctuie but are quite 
evenly distributed at short intervals Within the nucleus no other 
constant chromatin elements or nucleoli can be obseived, and those 
parts of the intianuclear space which aie not occupied by this intia- 
nuclear body or b) its radiating strands appeal entiiely deal 

In cross section the nucleus appears as a small circle in the center 
of which IS a dark circular body with a serrated edge from which 
strands radiate toward and to the nuclear membrane The appearance 
of these strands indicates that they radiate from the surface of the intra- 
nuclear body in all planes (fig 1 D) We have occasional!}'- obseived a 
lighter staining zone in the center of the intranuclear body 

Occasional specimens, chiefly the 18 day embryo chick heart, pre- 
sented clusters of these cells with abundant cytoplasm (fig 2 A) Such 
cells were stellate or polygonal in shape, with a rather abundant amount 
of clear homogeneous basophilic cytoplasm The stdlate projections of 
cytoplasm tapered off into fine fibrillar stiands and were lost in the 
surrounding ground substance 
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Similai c}toplasmic inci cases ha^e been obseived by us in human 
hearts — for example, m iheumatic fevei We have on raie occasions 
obseived nuclei of suggestively similai stiuctuie in other tissues In 
an instance of hpoid pneumonia in a child, with metaplastic changes 
in the tracheobionchial mucosa, the metaplastic tissue piesented one 
epithelial cell of similai stiucture Occasionally the nuclei of caidiac 
muscle fibeis when theie aie pronounced longitudinal folds in the nucleai 
membiane may beai a supeificial resemblance to the cell desciibed 
This artificial resemblance is quickly claiified b} study of a cioss section 
of the nuclear membrane We have not made any extensive exami- 
nations of othei tissues of the body fiom the standpoint of whether or 
not similar cells may be present outside of the heait, although in our 
geneial expeiience with human tissues, such cells have not been encoun- 
tered Neveitheless it is possible that furthei studies might leveal 
similai 01 identical nuclei outside the heai t 

GENERAL DISTRIBUTION 

In an aveiage noiinal human heait, for example, during the third 
decade of life "mvocytes” may be found distiibuted thioughout the 
entire musculatuie Within the ventiicles, in the intraventi icular 
septum and in the papillaiy muscles, extending all the way up to the 
auiiculoventiiculai iing, these cells aie fiequcntly encounteied with 
the high power objective Also m the aui icular musculatuie and in 
the substance of the initial, tiicuspid, aoitic and pulmonaij vahes 
these cells are found All foui valve rings contain numeious “invocytes ” 

Within the myocardium, they may be found most easily by seaich- 
ing in the inter fasciculai planes These planes, in which the largei 
blood vessels run before their bieak-up into the capillaries winch lainify 
within the caidiac muscle fasciculi, aie composed of loosely arianged 
collagen bundles and aigyioplnhc fibers By searching along such 
planes, occasional “myocytes” will be encounteied, in some areas more 
than in others, along with the usual cellulai elements piesent in this 
tissue, namely, fibi oblasts, occasional macrophages, a laie mast cell 
and the nuclei of arterioles, venules and lymphatics, with their peri- 
vascular cells The nucleus of the “myocyte” in such an area is so 
arranged that its long axis is usually parallel to the collagen fibers run- 
ning in these planes The “myocytes,” however, are not confined to 
the inter fasciculai planes but may be found also within the muscle 
fasciculi In such instances they he in close pioximity to individual 
cardiac muscle fibers (fig 1 A and B) In many instances, they appear to 
he within these fibers, although examination of the cross section reveals 
this to be the result of superposition oi infolding Foi the most pait, 
“myocytes” he external to the saicolemma of the caidiac muscle fibers 
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Fig 2 — A, chick embryo heart at 18 days, camera lucida drawing, X 1,200 
An area in the valve cushion is shown in which “myocytes” may be seen with 
distinct cytoplasm containing zones of basophilia and tapering off into the sur- 
rounding ground substance B, rabbit embryo heart at about 20 days, camera 
lucida drawing , X 950 An endocardial indipping in the ventricular wall is 
seen To the left of center is a “myocyte” closely applied to an endothelial cell 
nucleus Striations are not yet visible in the cardiac muscle Numerous small and 
large muscle nuclei are present and several “myocytes ” C, adult fish (carp) 
heart , camera lucida drawing , X 950 Distinct “myocytes” are present A muscle 
fiber IS seen above to the right D, human embryo heart at 1 month , camera lucida 
drawing, X 1,400 A “mjocyte” is seen a short distance from the endothelium 
lining the primitive ventricle Large muscle nuclei and immature muscle fibers 
are present IMuscle striations are not yet visible 
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In the caicliac vahe these cells aie occasionally encountered in the 
fibrous body of the valve along with othei common cells such as fibio- 
blasts and occasional maciophages and lound cells 

Many “m}mcytes’’ may be found beneath the endocardium not only 
in the heart valves but also elsewheie m the heait, wheie they may be 
traced following the complex indipping‘- of the endocardium among 
the muscular tiabeculae of the ventiicles (fig 2B) 

In the human embiyo senes and m a senes of 20 chick embiyos, 
aged 1 to 21 days, “myocytes” were found with ease In the chick 
embiyo heait, they weie obser\ed fiist on the twelfth day, and the 
youngest human embi }0 heait m which these cells weie obseived was 
about 1 month old In both these embryos the earliest “myocytes” 
vere found immediately beneath the endothelium of the ventricle and 
appealed to be i elated to the distnbution of endocardium, inasmuch as 
they weie found fiist not onl}’’ beneath the endothelium in the ventricles 
but also m those endocaidial aggiegations which constitute the valve 
cushions Foi example, in eaily embiyos, with valve cushions in the 
earliest stage of their formation, the mam substance of these cushions 
contained relatnely laige numbeis of “myocytes” Indeed, the sub- 
stance of the valve cushions and latei the valves themselves contained 
large numbeis of “myoC}tes” thioughout the entire stage of embiyonal 
de^elopnlent (fig 2 A) Within the myocardium the appearance of 
these cells and then penetration thioughout the muscle seem to follow 
the complicated endocaidial indippings which peimeate the entiie myo- 
cardium during the eailiest stages of the development of the heait, and 
it appeals probable to us that this cell leaches all parts of the myo- 
cardium during this stage of development ffig 2B and D) By the 
fifth month, in the human embryo, large numbers of “myocytes” ma} 
be found throughout the myocaidium, although their numbers appear to 
be relatively diminished duimg the latei stages of embryonal life 

As regards the geneial animal series, “myocytes” were found with- 
out difficulty in all hearts examined (See fig 1C for the frog, fig 
2B for the rabbit and fig 2C for the fish ) 

Examination of human hearts of the first to the eighth decade of life 
showed a rather constant quantitative and qualitative distribution of 
“myocytes ” 

COMMENT 

The foregoing anatomic observations indicate that the “myocyte” 
IS a cell of distinctive morphology, whose development and topogiaphic 
lelationships suggest that it constitutes pait of the suppoitmg fiame- 
work of the myocaidium and valves 

11 Hearts were studied in the following animals fish (carp) , amphibians 
(frog) , reptiles (boa, turtle, iguana, hzzard) , birds (chicken, crane, ibis, pelican, 
owl, parrot, hawk), and mammals (armadillo, polar bear, tahr, sheep, sea lion, 
rabbit, guinea pig, cat, monkey [mandrill, capuchin, marmoset, macaque]) 
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This conclusion is based on the location of these cells in the inter- 
fasciCLilai planes, in the fibrous core of the caidiac valves and within the 
muscle fasciculae between the individual cardiac muscle fibers, i e , 
external to the sarcolemma fibers Fuithermoie, the polygonal oi 
stellate foim, tapering out into fine cytoplasmic fibrillae (when cyto- 
plasm IS obserA'^ed), conforms to the geneial moiphology of inteistitial 
cellular elements They do not appear, from our studies, to bear any 
relationship to specially dilieientiated myocardial fibeis (Purkinje sys- 
tem) Because they aie distributed mainly in the interfasciculai planes, 
they appeal to be present lather fiequently m the vicinity of the smaller 
divisions of the coronal y arteiies which travel m these planes before 
ramifying as capillaries within the cardiac muscle fasciculae 

From an embryogenic standpoint, our obseivations indicate that 
“myocytes” arise predominantly as peiivasculai cells, inasmuch as they 
appear first just external to the endothelial lining of the primitive heart 
It appears further that the “m3'0C3'^tes” permeate the entire myocaidium 
m that stage of embiyonal development of the heart in which the m3’^o- 
caidium consists of a loose, trabecular spongework of muscle fibers, 
clothed by endocardial extensions and indippings Furthei evidence 
of the derivation of these cells from the subendothelial la3'er of the 
endocardium is offeied by the large number of “m3^ocytes” present 
within the endocardial cushions, which repiesent the earlier stages in 
the foimation of the cardiac valves 

Previous conceptions of the derivation of the ‘'myoc3fte” from 
degenerated muscle cells weie undoubtedly the result of histologic 
methods which were not adequate for the separate distinction of “m3'-o- 
cyte” nuclei closety applied to muscle fibers, as well as of the fact that 
these cells were studied incidentally to observations earned out on 
areas of degenerated m3^ocardial fibers It is evident that had the 
heal ts of embr3'^os and the newboi n of both animals and man been studied, 
in both of which “myocytes” are numerous and eas3^ to find, the question 
of the origin of these cells from degenerating muscle would nevei have 
been even considered Later observers like Watjen ® and Semsroth and 
Pool,® in fact, gave up the idea of a m3'^ocardial orgin because the former 
found t3'pical “m3'^oc3"tes” in the epicardium in a case of rheumatic m3fO- 
carditis, and the latter, at the base of vegetations on the mitral valves, 
in both of which areas caidiac muscle tissue is not present Anitsch- 
kou ’s ^ discussion and illustration of intermediate stages in the trans- 
formation of myocardial fibers thiough degeneration into “myocytes” 
must theiefore be revised on the basis of the observations reported by 
later mvestigatoi s and those which we have recorded here 

NeA’^eitheless, the observations of Salt3''kow,® Von Oppel,^ Anitsch- 
koA\ and others i elating to the prominent appearance of “myoc3^es” 
in processes reactive to injur3% inflammation or foreign body irritation 



EHRLICH-LAPAN—THE ANITSCHKOW "MYOCYTE” 


369 


in the myocaichum aie conect We also have obseived prohfeiative 
and leactne changes in the “myocytes” in a number of other cardiac 
pathologic states These include sepsis, menmgococcic bacteremia, scar- 
let fevei, peiiaiteritis nodosa and subacute bacterial endocarditis 
Recently oui attention has been drawn to a peculiar focal gianuloma 
in the myocardium hi Di Paul Klemperei, m which again the “myo- 
c}tes” shoiied some piolifeiation Anitschkow ^ and others have already 
obseived that not only are “m3'ocytes” present in the damaged region 
in significant numbeis but their C 3 'toplasni is prominent and distinctly 
basophilic m tone These obseixations haie been confirmed by us and 
appear to signify fuithei a dedifferentiation to the embiyonal stage, since 
It is precisely this prominence of the cytoplasm and its basophilic tone 
which characteiize these cells in certain stages of their embiyonal 
de^elopment, as described in a pievious section of this paper The 
observations of the authors quoted regarding the activity of the “myo- 
C3'tes” 111 lepaiative piocesses requiie much furthei stud3’’, especially since 
the distmctne appeal ance of “m3'ocytes” makes it possible to trace with 
ease much of the moiphologic alteration which they may undergo m 
disease processes Jacki ° and Watjen ® noted the lesemblance of the 
nuclei in certain cells which compose the Aschoff body to “myocytes,” 
and Jaflfe also lefeiied to this resemblance One of us (J C E ) has 
made this obseivation also, and a sepaiate paper devoted to this question 
is notv 111 prepaiation The resemblance of the “myocytes” to certain 
cells constituting the Aschoff body may well have played a part in the 
concept which has been prominent for some time that the Aschoff body 
IS a derivative of neciobiotic caidiac muscle fibers 

Of the various sources which have been pioposed tbeoietically for 
the origin of the “myocytes,” namely, degeneiating muscle, vascular 
endothelium, fiibi oblasts and histiocytes, only the last appeals to us to 
be tenable on the basis of oui own obseivations Wenezianowa- 
Grusdkowa® ascribed a reticuloendothelial oiigin to these cells because 
of their ability to store mtravital dyes (Anitschkow ^ also mentioned 
the ability of these cells to function as phagocytes ) Jaffe did not 
accept Wenezianowa-Grusdkowa’s evidence of stoiage capacity as a 
proof that this cell is not derived from muscle, contending that muscle 
may also store mtravital dye under certain conditions Inasmuch, how- 
ever, as the storage of dye in muscle requires tremendous overloading 
with dye, which was apparently not the case in Wenezianowa- 
Grusdkowa’s experiments, we are inclined to accept the existing evi- 
dence that the “myocyte” may assume an active phagocytic function 
However, we do not agree with Wenezianowa-Grusdkowa’s sugges- 
tion that the “myocytes” are deiived from fiee or ciiculatmg elements 
of the reticuloendothelial system (polyblasts) Our observations indi- 
cate rather that these cells belong to the fixed elements of the reticulo- 
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endothelial system m the myocardial framework, as suggested by Jafte, 
being derived originally from subendothelial oi pei ivascular fixed cells 
The actne participation of the “myocyte” m the afoiementioned reactive 
states of the myocaidium, and no doubt in man) otheis not }et inves- 
tigated, IS entirely consistent with the lole played b) the leticuloendo- 
thelial system in leparatne piocesses 

It IS evident fiom the foiegoing discussion that fundamental objec- 
tions exist to the continued use of the term “myocyte” foi these cells 
We feel that the charactei istic appeal ance of this cell and its essential 
nature can be bettei expressed by the term “myocaidial leticulocyte ” 

SUMMAR\ 

The Anitschkow “m)ocyte” is a noimal constituent of the human 
and vertebiate heart during the embryonal and postembiyonal stages 
of development This cell is part of the suppoitmg tissue of the heait 
and belongs to the fixed elements of the leticuloendothelial system It 
plays a definite lole in inflammatory and othei defense leactions The 
name “myocaidial leticulocyte’ is suggested as a more accuiate desig- 
nation for this cell 



CHANGES IN THE PROSTATE CAUSED BY 
HIGH FREQUENCY CURRENT 
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EL GEN MARTOS, MD 

nUDAPrST, HUNGARY 

The intiocluction and populai ization of tiansmethial piostatic lesec- 
tion created a diagnostic pioblem in pathology which lequires clarifi- 
cation particularh foi the clinical urologist and those unfamiliar with 
pathologic diagnosis The difficulty arises fiom the fact that the cur- 
rent produces a distoition of tissues which gives a confusing picture 
and makes the pathologic mtei pretation difficult 

The changes pioduced by transurethral resection are of two kinds 
The first kind includes those found m the tissues removed with the 
1 esectoscope , these changes are produced at the moment of penetration 
of the tissue by the cuirent To the second kind belong those changes 
which are a leaction of the organism and which appear m the prostatic 
tissue remaining m the body, aftei a few houis or longer The 
secondary changes aie very important from the clinical point of view 
whereas the primary effect of the pioceduie on the tissues is inter- 
esting rathei from the pathologic point of view 

The effect of high heat and various currents on other tissues has 
been examined by many authors But we found only two publications 
dealing specifically with our subject Caulk and Harris ^ published 
their microscopic obseivations in connection with opeiations on dogs 
and 2 human subjects They mentioned in general the superficial 
neciosis and the shrinking of cells and nuclei m the material examined 
immediately aftei operation, but they did not go into details They 
found also m the prostate removed a variable time after lesection 
secondary necrobiotic changes Smith and Stockwell - examined the 
effect of electrodehydration on prostatic resection In 1 case they 
examined the pi estate twelve hours after resection and in their micro- 
scopic examination found only the necrosis of the superficial tissue 

From St Istvan Hospital, Budapest, Hungary, under the direction of Prof 
Odon Zalka 

1 Caulk, J R, and Harris, W J Urol 32 473, 1933 

2 Smith, C K, and Stockwell, L J Uiol 34 31, 1935 
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and hemorrhagic infiltration significant They did not find the secon- 
dary changes described by Caulk and Hams 

Our work consisted in the examination of pieces of prostatic tissue 
removed from 10 human subjects by ti ansurethral lesection and 40 
prostates removed either from cadavers or from patients by prosta- 
tectomy, to which the usual resection pioceduie had been applied 
Tube type and spark gap type machines weie employed The strength 
of current used was 4 to 10 amperes, the duration of the application 
of the current varied from two to eight seconds 

We found in the microscopic picture of the tissues obtained by 
transurethral resection conspicuous and chaiactenstic features, the most 
confusing of which is the elongation of cells and nuclei to be described 
later If this occurs in the epithelial cells it produces fantastic, dis- 
torted glands, which make a correct diagnosis difficult 

MICROSCOPIC OBSERVATIONS 

Since we found only small quantitative difteiences between the 
various cases of transurethral resection, we summarize oui obser- 
vations We distinguish in general three layers in the microscopic pic- 
ture The most superficial forms a very thin, brownish yellow, torn, 
charred edge Below this is a vacuolated, spongy layer, which is 
already well known in cases of electric injuries of other nature and 
damage of tissues caused by heat This coriesponds to the pictuie 
called Wahenhof oi Hitsewahen by the German authors In general, 
this layer is also thin, but sometimes it can be followed between the 
loose connective tissue down to the deepei la}ers The septums which 
separate the vacuoles aie homogeneous, and the original structure can- 
not be recognized in them, only one oi two nuclei, which stain very 
lightly This la}er stains with hematoxylin difitusely light blue 
(fig I A) 

The first and second layers aie thin The third layei is much moie 
conspicuous and extensive, sometimes compiising the lemaining pait 
of the pi estate, if the lemoved particles are small In this layei the 
original tissue structure becomes indistinct, i e , moi e or less homo- 
geneous, especially in the firmer parts Nevertheless it can be recog- 
nized The fibeis of the connective tissue become confluent, foiming 
bundles which stain bluish with hematoxylin, and thej'^ he close to the 
neighboring smooth muscle tissue cells The latter also aie confluent, 
forming hyalm-hke islands between the light blue fibeis of connectne 
tissue, and they stain well with eosin In the nuclei there can be 
observed also a vacuolated swelling The walls of the small vessels 
also stain homogeneoush light blue and foim a ring lined with endo- 
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Fig 1 — A shows the three layers (a) the charred edge, (b) the spongy layer 
and (c) the coagulation layer B shows the considerable elongation of the 
epithelial cells in the superficial layer 



374 


ARCHIVES OF PATHOLOGV 


theluun In this la 3 ei the nuclei of the fiiinei fihious connective tissue 
are defoimed and shiunk, oi the} appeal as either wavy oi stiaight 
threadlike foiinations and are in geneial hypochi omatic The nuclei 
in the loose connectn^e tissue around the vessels and glands aie less 
shiunk and hypei chi omatic 

In this layei the epithelium of the glands shows significant changes, 
the essential one being the consideiable elongation of the epithelial 
cells and then nuclei (fig 15) The cells may become five or six times 
then original height The elongation of the epithelial cells may reach 
such an extent that the glandular lumens can hardly be recognized m 
many places In this way a picture may be seen which reminds one 
of solid islands The piotoplasm stains lightly The place of the 
nucleus is sometimes taken by an elongated, threadlike formation The 
staining of the elongated nuclei is generally intensive, and in certain parts 
It shows segmentation The nuclei are generally parallel and are mostly 
straight or show one or two wavehke curvatures, the ndiole gioup of 
elongated nuclei showing a haii bundle-hke picture (fig 2 A) Such 
alveoli, which show elongation of then nuclei and ai e m consequence dis- 
torted, occur not only m the connective tissue which becomes homo- 
geneous but sometimes also m the deeper layers of connective tissue 
which do not show any aitificial changes 

We performed the usual lesection piocedure on 40 pi estates, 
leinoved either surgically oi from cadavers, in ordei to examine 
whether the changes described are those of vital reaction or those 
merely of a passive physical nature The prostates were preserved 
m a refrigerator, and the current was applied one half to six days 
after death 

We found on histologic examination changes similai to those found 
in the tissues removed fiom the human subject by transurethral resec- 
tion, the differences being only quantitative (fig 25) The parts 
affected aie essentially smaller, being only one-half or one-third as 
wide, and the effect of the current on the individual tissue elements 
IS also consideiably smaller The elongation of the nuclei is much less, 
occuiiing only on the side of the gland which is close to the surface 
and showing a gradual decline toward the paits farther from the 
treated area In such glands the nuclei which aie not elongated show 
only a hyperchromatic character When the resections have been done 
uith different strengths of currents, there is no proportion between 
the severity of the changes and the intensity of the current The 
time elapsing between death or operative removal of the gland and 
application of current seemed to play no role m the degree of changes 
found microscopically 
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Fig 2 — A shows the hair bundle-hke picture presented by the elongated 
nuclei, B the nuclear elongation in a cadaver prostate five days after death 



376 


ARCHIVES OF PATHOLOGY 


COMMENT 

Many authois have found changes in other oigans and tissues 
caused by other agents similar to those found in transurethral prostatic 
lesection Especially conspicuous is the similarity of the characteiistic 
elongation of the glandular epithelial cells found m the bronchial pass- 
ages and m the gasti ointestinal tract caused by heat (e g, burning, 
inhalation of hot air, touching with red hot metal) As to the mech- 
anism of the origin of the changes, opinions of the various authors 
difter Some have stated that the effects of the current are due to heat, 
while others have found them to be the result of a specific electro- 
mechanic action Pietrusky ® and Schridde ^ stated that the electro- 
l}i:ic factor also plays a role Many authors have found quite similar 
cell deformities due only to heat In using electric current one cannot 
exclude its electrolytic and electi odynamtc role, but we find Joul’s heat 
effect the most important factoi 

As to the question of whethei or not the elongation of nuclei is 
of vital character, the result of our experiments on prostates removed 
from cadaveis 5 to 6 days old convinces us that it is merely a physical 
phenomenon The irregularity of the changes found in these prostates at 
varying periods after death and the quantitative differences of changes 
in the operative and cadaver material show that the degree of the effect 
of the resection procedure depends very much on the moisture content 
of the tissue An observation of ours made on a prostate five days after 
removal speaks in favor of this supposition This prostate was preserved 
in a closed bottle for five days, and we made the resection on the side 
which was in contact with the wall of the glass In consequence of this, 
the loss of moisture was minimal In this case we found a greater 
amount of nuclear elongation than in some specimens only 1 or 2 days 
old 

SUMMARY 

Tissue particles obtained by tiansurethral prostatic resection show 
considerable distortion The changes consist of three layers of dif- 
ferent structure a charred thin superficial layer, a spongy coagulative 
layei of varying width and a wider layer which becomes homogeneous 
in var 3 Mng degrees 

The alveolar epithelium becomes much elongated, threadlike and 
packed in close bundles Knowledge of the nuclear elongation is 
important because it may lead to diagnostic mistakes We were able 
to produce similar but smaller changes in cadaver prostates five to 
six da 3 's after death The degree of the changes produced seems to be 
independent of the strength of the current but seems to be dependent 
on the moisture content of the tissue 

3 Pietrusky, F Deutsche Ztschr f d ges genchtl Med 6 S3S, 1926 

4 Schridde, H Virchows Arch f path Anat 252 774, 1924 
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BY A SERIAL BLOCK METHOD 
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ot Pathologj of New York University Aledical College 
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It IS pioposed in this papei to present a suivey of medial degeneration 
of the aorta as encounteied in routine autopsy specimens Weise ^ alone 
attempted a similar study Others who described medial degeneration in 
the intact aorta studied selected “ oi isolated specimens ® The majority 
of workeis write of medial degeneration in spontaneously ruptured 
aoi tas ^ It must be mentioned that Moritz ® also investigated the intact 
aorta, but his purpose was essentially to note the distribution of 
chromatotropic substances in the media 

MATERIAL 

The material used m this study consists of 210 aortas from persons m all decades 
of life (table), who died from a variety of conditions No attempt was made to 
select specimens, in order to insure as varied a group of diseases as possible The 
large number precludes enumeration However, persons from whom the specimens 
came died of such conditions as carcinoma, acute infections, heart disease of 
various types, primary blood dyscrasia (leukemia, pernicious anemia, agranulocy- 
tosis, aplastic anemia and others), cirrhosis of the liver, bleeding and perforated 
ulcers of the stomach, diabetes, trauma, gas poisoning, postpartum hemorrhage, 
Addison’s disease, acute hemorrhagic pancreatitis and so on 

METHOD or PREPARATION 

The entire ascending aorta and arch were cut into serial transverse blocks, 
six to ten in number, 3 to 5 mm in length, each block including the entire 
Circumference of the vessel In addition, longitudinal strips were selected from 
the thoracic aorta, two to four in number From each block two sections were 
prepared, of which one was prepared with the hematoxyhn-eosin stain and the 
other with Weigert’s elastic tissue stain In 150 cases a map of the aorta was 
made, on which was indicated the level of each section studied This was done 

1 Weise, W Beitr z path Anat u z allg Path 93 238, 1934 

2 Cellina, M Virchows Arch f path Anat 280 65, 1931 

3 Rottino, A Arch Path 27 320, 1939 Harrison, F F ibid 27 742, 

1939 

4 (o) Gsell, O Vircows Arch f path Anat 270 1, 1928 (&) Erdheim, J 

ibid 273 454, 1929 , 276 187, 1930 

5 Moritz, A R Am J Path 8 717, 1932 
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to make possible an accurate survey of the distribution of the lesion, especially 
as to its presence cr absence m the descending portion of the vessel 

OBSERVATIONS 

Degeneiative changes beneath atherosclerotic plaques were not con- 
sidered in this stud}'^ Despite this limitation, lesions were found in 95 
aortas The most common lesion, present m 92 aoitas, was similai to 
one desciibed in a previous communication as simple muscle loss It 
was characterized by loss of muscle cells fiom focal aieas of media 
Though the continuit) of the elastic lamellae in these areas remained 
intact, the lamellae became ciowded so as to naiiow the interlamellai 
spaces (fig 1 A and B) Anuclear muscle cell bodies such as those 
described by Gsell '*'* weie not lecognized In 5 of the 92 aoitas there 
were additional areas in which the elastic elements w ere disintegrated or 
in the process of disintegration, leaving defects which weie occupied 
chiefly by a basophilic mucoid fluid (fig 2 A) and in 1 specimen by a 
loose fibiillai connective tissue (fig 2 B) In anothei aorta — the ninet}- 
thiid — there weie numerous iriegulai nairow foci in which elastic 
lamellae were absent while muscle cells remained (fig 3 A and B) The 
lattei were conspicuous in that their longitudinal axes la} peipendiculai 
or oblique to those in adjacent normal areas Cystic spaces filled with 
mucoid fluid weie also present in this aorta, but nowhere weie areas of 
simple muscle loss found In the final 2 specimens the sole change 
consisted of cystic aieas filled with mucoid fluid 

The lesions were distributed piincipally in the ascending aorta and 
aich In 5 aortas they were found, in addition, in the descending 
thoracic poition and once only m the abdominal portion Within the 
media the lesion was chiefly located in the middle not infiequently in the 
inner and rarely in the outer thud 

Based on the number and size of the lesions, the severity of the proc- 
ess was graded as 1 plus (SO cases), 2 plus (15 cases), 3 plus (6 cases), 
and 4 plus (24 cases) The 1 plus lesion was insignificant one to three 
small areas of involvement being found in the entire aorta In the 4 plus 
group as many as two to six lesions were found in eveiy section Further 
they were laige, involving as much as one quartei to one half of the 
thickness of the media The lesions of 2 plus and 3 plus grades occupied 
intermediate positions of severity In none of the cases was a cellulai 
reaction present in or adjacent to the lesions described No relation- 
ship was encounteied between the presence of the lesion and changes 
either in the vasa vasorum or in the adventitia 

ANALYSIS or OBSERVATIONS 

In an earliei published report ® on medial degeneration as encoun- 
tered m the ruptured aorta, advanced age, hypertension and some 

6 Rottmo, A Arch Path 28 1, 1939 
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Fig 1 — A, hematoxylin-eosm stain showing, under low power magnification, 
(o) an area of simple loss of muscle and (6) normal media B, Weigert’s elastic 
tissue stain showing, under low power magnification, crowding of elastic laminas 
and narrowing of interlamellar spaces in an area of simple loss of muscle In 
adjacent areas the lamellae are properlv spaced 



Fig 2 — A, Weigert’s elastic tissue stain showing, under low magnification, a 
cyst (a) m the media which with the hematoxylin-eosm stain is seen to contain 
a basophilic substance B, Weigert’s elastic tissue stain showing, under low power 
magnification, a defect (a) in the media The substance occupying it is largelj^ 
a loose fibrillar tissue, probably collagen A basophilic material is present in the 
interstices of the fibrils 
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Fig 3 — A, hematoxylm-eosm stain showing, low power magnification, a 
medial defect occupied by muscle (o) the long axis of which he oblique and per- 
pendicular to that of muscle in normal adjacent media (b) B, Weigert’s elastic 
tissue stain showing, low power magnification, loss of elastic laminas m medial 
defects similar to that shown in A 
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form of organic heart disease were noted to be present sufficiently often 
to be considered significant Mindful of this, in the present study I 
compared the 95 cases in which medial degeneration was present with 
the remaining 115 in which this lesion was absent 

From the table it will be seen that the lesion is less common in 
persons below 40 years of age (m 10 of 44, or 20 per cent) than in those 
beyond 40 (in 85 of 166, or 50 per cent) It was present m 17 of 25 
persons beyond 70 yeais of age Furthei, in the younger group 
significant lesions (2 to 4 plus) occurred in 3 of 10 persons, whereas in 
the oldei group such lesions occurred in 40 of 85 Hence it would 
appear that medial lesions are encountered moie often and are of a 
severer grade in the adi^anced age group 

Medial Degeneiahon of Aoila 


Medial Degeneration Aortas in Winch Medial Degeneration 
of Aortas Was of Gi\ cn Grade of Severits 

, • , , * 


Age, Ir 

Aortas 

Absent 

Present 

+ 

-f-b 

-1-1-1- 

-1-f-l-l- 

5-10 

3 

3 

0 

0 

0 

0 

0 

11 20 

9 

7 

2 

2 

0 

0 

0 

21 30 

8 

8 

0 

0 

0 

0 

0 

31 40 

24 

16 

S 

0 

1 

0 

2 

41 50 

46 

29 

17 

10 

1 

2 

4 

51 GO 

46 

23 

23 

13 

5 

1 

4 

61 70 

48 

20 

28 

15 

5 

2 

6 

7180 

25 

8 

17 

5 

3 

1 

8 

8185 

1 

1 

0 

0 

0 

0 

0 

Total 

210 

115 

95 

50 

15 

6 

24 


To evaluate the age factor, uncomplicated by hypertension and 
organic heart disease, those cases were selected in which both of these 
conditions were absent ’’ 

There were 67 such cases Medial degeneration occurred in 23 of 
them (34 per cent) Of these patients 16 (70 per cent) were above 40 
years of age In 19 of the 23 cases the lesions were only of 1 plus 
severity Thus it seems that age continues to be a factor despite the fact 
that the incidence of lesions and the degree of severity are less 

The effect of rheumatic heart disease and that of hypertension were 
next studied in 23 and 54 cases, respectively With regard to rheumatic 
heart disease, the cases comprising the group studied were those in 
which gross involvement of one oi more valves of varying degrees of 
seventy was shown Cases in which the process was active and cases 
in which the disease was inactive were included In eveiy case gross 

7 The cases excluded were those in which there were questionable lesions of 
the valves, auricular or ventricular endocarditis, pericarditis either recent or old, 
cardiac enlargement, coronary disease, myocardial fibrosis as determined by gross 
examination and the studv of several microscopic slides, or any evidence of syphilis 
of the aorta 
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observations were substantiated by micioscopic examination of one or 
all valves, mural endocardium, pericardium and myocardium In 47 
of the cases in which hypertension was recorded this was of the 
essential type, and the usual gioss and microscopic changes associated 
with such a condition weie present The causes of death were chiefly 
heart failure, ceiebral hemoiihage and uremia In the remaining cases 
death occurred from niiscellaireous causes Five cases m which blood 
piessure was uniecoided oi was normal or low were included because 
in these hypertrophy of the heart, nephrosclerosis and arteriolar changes 
rrere presented The patients died eithei of coronary occlusion with 
myocardial infarction or from massive cerebral hemorrhage One 
additional case was included m which the blood piessure was normal 
during the patient’s stay in the hospital but in which theie was a reliable 
histoiy of repeated periods of hypertension The final case included 
in the series was one in which high blood pressure was related to chronic 
diffuse glomeiulonephiitis Cases in which there were unrecorded 
hypertension and enlargement of the heart but m which arteriolar and 
renal changes weie lacking were not included, so as to escape the 
criticism of failing to recognize idiopathic hypertrophy Cases in which 
hypertension was recorded without concomitant cardiovascular changes 
were also excluded, since the elevation of blood pressure was not 
rechecked and in most instances could be ascribed to a terminal cerebral 
accident 

The effects of other types of heart disease were not studied because 
the numbers of cases were too few 

There was no indication that the presence of rheumatic heart disease 
increases the incidence of medial degeneration beyond that of the non- 
cardiac group The incidence of medial degeneration in the rheumatic 
group was 31 per cent (7 of 23 cases) Five of the patients were above 
40 years of age The lesion was of from 2 to 4 plus severity in 3 
cases In the hypertensive group, however, the incidence rises to 51 per 
cent Further, there is an increase in the number of cases in which 
severer grades of medial degeneration were present (17 of 28), with 
2 to 4 plus lesions All patients in this group were above 40 years 
of age Unfortunately, there were not, m the hypertensive group, 
enough patients below 40 years of age to permit study of the effect 
of elevated blood pressure on such a group 

COMMENT 

The lesion of simple muscle loss noted m this study was similar to 
the medionecrosis observed by Gsell in spontaneous rupture of the 
aorta with the exception that necrotic muscle cells were not demonstrable 
Cellina,^ Weise ^ and Moritz ® describe simple muscle loss in the intact 
aorta — ^the first author, in 9 of 10 selected aortas from persons between 
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71 and 95 yeais of age. the second, in 9 of 120 specimens unselected 
in regal d to age and the last authoi in 6 of 70 The inci eased incidence 
in the present series is due probably to the use of large sections 
Wheieas Weise ^ and Celhna - in then cases both failed to obseive more 
advanced lesions, in m}^ study muscle loss, elastic tissue disintegration 
and cyst formation were seen in 8 aoitas, and a lesion appaienth'- similai 
to muscle regeneiation in the sense of Eidheim was seen in 1 aorta* 
Scars of the t3'^pe desciibed b} Gsell weie noted once 

Inasmuch as medial degeneiation pioduced no macroscopically 
detectable changes oi clinically demonstrable simptoms, its importance 
in the cases studied must be consideied as nil Despite this, its 
occasional significance in dissecting aneuiysms must not be lost sight 
of, the latter catastiophe occuiring most likely fiom extensive medial 
degeneration aflrecting strategic aieas Its further significance is attested 
by the fact that in occasional instances changes visible to the naked eye 
are observed, such as thinning of the wall, replacement of the )ellow 
media by gray scais and finall}’’ wrinkling of the iiitima, suggesting 
syphilis (Erdheim, 1929) In 1 case the change led to aneur3'^smal 
dilatation * 

Much has been written on the causes of medioneciosis The 
importance of age is noted b3'’ Celhna,- for he found medial degeneiation 
in 9 of 10 cases in which all the patients were oldei than 72 years The 
high incidence m the aged is coiroborated in the present study Medial 
degeneration has been desciibed in aortas fiom patients with rheumatic 
fever ® It was likewise obser\ed in aoitas from peisons with rheumatic 
fever in the piesent senes However, there was no inciease in incidence 
over that of a control group It is full3'’ realized, howevei, that the 
number of specimens from persons with rheumatic fever in this senes 
IS too small to enable one to draw haid and fast conclusions 

The greater frequenc3'^ of medial degeneration in a gioup with 113 pei- 
tension gives the lattei state etiologic significance The mechanism can 
only be conjectuied It ma3' be exhaustion of the contracting muscle 
in its effort to prevent over distention of the aoita It ma3'^ be the 
sudden tug on the wall of the vessel caused by abrupt increases in 
pressuie in a vessel already the seat of hypertension Finally, Eidheim 
(1930)^*^ offered an explanation on the basis of hypeiepinephrinism. 
a substance which he suggests may be present in excessive amounts in 
persons with hypertension This by causing spasm of the vasa ^ asoruin, 
may lead to focal ischemia and neciosis 

8 That the picture seen in this lesion represents muscle regeneration was 
questioned bv Celhna (Celhna, M Arch ital di anat e istol pat 2 1105, 1931) 
He felt instead that it is due to a clumping of the original muscle following loss o^ 
support through disintegration of elastic tissue 

9 Klotz, O, and Simpson, W Am J M Sc 184 455, 1932 Pappenheimer, 
A M , and ’t'’on Claim W C ibid 44 489 1924 
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SUMMARY 

Medial clegenei ation was noted in 95 of 210 aoitas from loutine 
autopsy material In 92 of these the lesion was a simple loss of muscle 
In 8 aortas only weie advanced changes seen, such as loss of elastic 
tissue and cyst foimation 

In 67 vessels from peisons without oiganic heait disease or hyper- 
tension the incidence of medial degenei ation was 34 per cent The 
lesions Yeie of mild degree Seventy per cent of the patients weie 
above 40 ^eals of age 

In 23 aoitas fiom patients with rheumatic heart disease the incidence 
of medial degenei ation was 31 per cent In 54 aortas from patients 
with hypertension the incidence rose to 51 pei cent Also the number 
wnth seveie giades was gieatei 
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MULTINUCLEATE EPITHELIAL GIANT CELLS WITH 
INCLUSION BODIES IN PRODROMAL MEASLES 

Report of an Autopsy 
K H Si-MSWTii, MD, Amstprdvm, N Y 

Amitotic giant cells foim a characteristic response of the host cells 
to some of the virus diseases, as pointed out by Riveis ^ In the case 
of measles, a disease generally believed to be due to a filtrable virus, 
multinucleate giant cells have been found in the lymphatic organs Since 
Warthin,- in 1931, pointed out the pathognomonic natuie of these cells, 
they have been obsen^ed as eaily as five days prioi to and as late as 
two days after the appearance of the exanthem Lesions of the respiia- 
tory tract, equally chai actei istic foi measles, had not been described 
until Masugi,^ m 1938, reported on the occuirence of epithelial multi- 
nucleate giant cells with cytoplasmic inclusion bodies m the phaiynx, 
trachea and bionchi four days after the appeal ance of the exanthem In 
prodromal measles, pathognomonic changes other than those of the 
lymphatic oigans have as yet not been described Such lesions, observed 
in the respiiatory tract as well as in the lymphatic apparatus prior to the 
outbreak of the exanthem, aie the subject of the present report Pei- 
mission to use the clinical records of this case was given by Dr S L 
Homrighouse, of Amsterdam, N Y 

REPORT 01 A CASE 

A bo 3 ' 20 months old was twice exposed to measles in the course of two weeks 
About fourteen days after the first exposure he began to suffer from acute, severe 
dyspnea and died of respiratory difficulty two hours aftei an unsuccessful attempt 
at bronchoscopic examination At autopsj' three small erosions of the laryngeal 
mucosa were seen besides edema and congestion of the trachea and 'arge bronchi 
With these extremely scanty gross changes, the case remained unexplained until 
sections of the respiratory tract and lymphatic organs levealed lesions indicative 
of measles 


From the Montgomer}" County Laboratories, Amsterdam, N Y , and the 
Department of Pathology, Albany Medical College, Albany, N Y 

1 Rivers, T M Am J Path 4 91, 1938 

2 Warthin, A S Arch Path 11 864, 1931 

3 (a) Finkeldey, W Virchows Arch f path Anat 281 323, 1931, (b) 

284 518, 1932 (c) Davidsohn, J , and Mora, J M Arch Path 14 757, 1932 
(d) Herzberg, M J A M A 98 139, 1932 (c) Fischer, W Beitr z path 
Anat u z allg Path 91 474, 1933 (/) Schultze, W H Munchen med 

Wchnschr 80 576, 1933 (g) Hathaway, B M Arch Path 19 819, 1935 

(/i) Graeff, S Deutsche med Wchnschr 63 1357, 1937 

4 Masugi, M , and Minami, G Beitr z path Anat u z allg Path 101 
483, 1938 
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Retrogressive epithelial changes were seen at the base of the tongue and 
thr/Dughout the respiratory passages In all of these locations vacuolation, occasional 
pyknosis and desquamation of epithelial cells were present Lymphocytes and, in 
lesser number, polj moi phonuclear leukocytes were migrating through the epithelium 
In the larynx and trachea the degenerative epithelial changes had progressed to 
the formation of erosions In the epithelium of the tongue one found an occasional 
multinucleate giant cell, with a cluster of three or four centrally situated nuclei 
(Am figure) In some instances there was contained in the cytoplasm a group 
of faintly basophilic globoid bodies No mitoses were seen Many such amitotic 
giant cells ^\ere seen in the epithelium of the tonsillar crypts (B in figure) 
Small globoid inclusion bodies occurred in then cytoplasm In this location they 
were usually eosinophilic The oral mucosa and the mucosa of the entire upper 
respiratory tract were diffusely infiltrated with many mononuclear round cells and 
few polymorphonuclear leukocytes Plasma cells predominated around the mucous 
glands of the trachea and in the larynx Some of them contained two or three 
nuclei , others, a cluster of five or more, surrounded by somewhat ill defined 
cytoplasm — a picture suggesting the formation of multinucleate giant cells through 
amitotic division of the nuclei of plasma cells 

The epithelium of the bronchi showed vacuolation and desquamation, with com- 
plete loss of the surface epithelium in places, particularly over lymphoid nodules 
An outstanding feature was the presence of multinucleate giant cells in the 
epithelium (C m figure) A cluster of six or more hyperchromatic nuclei could 
be seen in an epithelial cell, which might or might not retain its cilia Some of 
the giant cells contained eosinophilic inclusion bodies, usually globoid or oval As 
a rule, they were situated at the basal side of the cluster of nuclei They were 
not seen in other epithelial cells In some giant cells fusion of nuclei had led to 
the formation of large polylobate masses of chromatin, found within the epithelium 
or on Its surface The epithelium of the bionchial glands also showed an occa- 
sional multinucleate giant cell No mitoses were seen Mononuclear round cells, 
few polymorphonuclear leukocytes plasma cells and multinucleate plasma cells 
infiltrated the bronchial mucosa The lungs proper showed peribronchiolitis, with 
predominance of mononuclear round cells Adjoining interalveolar septums were 
frequently thickened through an increase in the number of then nuclei Occasion- 
ally, large polylobate masses of chromatin were seen m alveolar lumens Some of 
them showed cytoplasm provided with cilia, obviously aspirated bronchial epithelium 
Here and there a cell of the alveolar lining showed a cluster of hyperchromatic 
nuclei Interlobular edema was marked 

Of the lymphatic organs, the palatine tonsils, peribronchial and hilar lymph 
nodes, spleen and thymus were examined The tonsils were the seat of inflam- 
matory hyperplasia The germinal centers showed retrogressive changes Within 
them numbers of multinucleate giant cells were present (D m figure) Their 
densely crowded hyperchromatic nuclei — up to twelve or more — left but a narrow 
margin of cytoplasm The same type of giant cell was present m peribronchial and 
hilar lymph nodes, with lymphoid hyperplasia and retrogressive changes of germinal 
centers It was also seen in many lymph follicles of the spleen and was apt to 
be located near the periphery of the germinal center Lymphocytes and few' 
eosinophilic round cells infiltrated the stroma of the thymus Its parenchyma 
contained large numbers of multinucleate giant cells similar to those found in 
the tonsils and lymph nodes The number of their small hyperchromatic nuclei 
varied from three or four to fifty or more Within the largest ones fusion of 
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A, epithelium at the base of the tongue At I is seen a multinucleate epithelial 
cell with C3'toplasmic inclusion bodies D, multinucleate giant cell with inclusion 
bodies (7) in epithelium of the palatine tonsils Cj multinucleate giant cell m 
epithelium of a large bronchus At I an eosinophilic inclusion bodj' is seen, sur- 
rounded bj' a clear zone D palatine tonsil showing multinucleate giant cells m 
germinal centers of the lymphatic tissue 
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nude) into bizarre-shaped masses of chromatin had fi ecjuentlj' occurred No mitoses 
were found in thymus, tonsils or lymph nodes Extensive phagocytosis of nuclear 
fragments bj reticulum cells was observed 

St MMARY 

In a fatal case of piodromal measles with multinucleate giant cells 
in the lymphatic organs and thymus, ceitam lesions of the respiratory 
tract weie observed which were considered characteristic In the epi- 
thelium of the lespiiatory passages, degenerative changes were asso- 
ciated with prohfeiative ones The lattei consisted in the appearance 
of amitotic multinucleate epithelial cells comprising cytoplasmic inclusion 
bodies In the underlying mucosa, amitotic division of plasma cells 
accounted for the foimation of some multinucleate giant cells 



PAPILLARY TUMOR OF THE CHOROID PLEXUS 
IN A NEWBORN INFANT 

Gerhart A Drucker, M D , Brooklyn 

In recent yeais the number of reported cases of papilloma of the 
choroid plexus has considerably increased However, this type of tumor 
IS still regarded by most authors as one of the rarest among all types of 
cerebral neoplasms Cushing’s ^ senes of more than 2,000 verified cases 
of intracranial tumor contains 12 of papilloma of the choroid plexus, an 
incidence of 0 6 per cent Van Wagenen,- who summanzed the litera- 
ture on this subject in 1930, collected 45 cases from the literature and 
added 2 of his own In 1936 Friedman and Solomon ^ published a com- 
prehensive papei on cases of tumor of the choioid plexus in childhood 
Reviewing the pievious liteiature, they weie able to find 34 true 
cases in all age groups, including 1 case of their own In 14 of these 
cases the patient had been an infant or a child Another review of 
this subject, published by Turner and Simon * m 1937, mentions 72 
reported cases Since the publication of the latter review, several new 
case reports have appeared in the literatuie 

Papillaiy tumor of the choroid plexus has been found in all age 
groups, but the incidence is highest in infants and children The 
youngest patient in all previously reported cases was a boy 10 weeks 
of age ® The case presented in this paper is remarkable because a 
papilloma of the choroid plexus was found at autopsy in a newborn 
infant 

REPORT or A CASE 

Mrs A M, aged 28, was admitted to the maternity seivice of the Israel Zion 
Hospital on Feb 14, 1938, in active labor This pregnancy was her second The 
first child was 6 years of age, normally developed and in good health The family 
history was entirely irrelevant A diagnosis of frank breech presentation was 
made, and the child was delivered by breech extraction It was deeply cyanotic 
and showed no sign of life The usual measures of resuscitation weie applied but 
were not successful 

Postinoilein Evaminatwn — The body was that of a full term newborn boy 
measuring 54 cm in length and weighing 3,530 Gm The skull was larger than is 
usual , the circumference of the suboccipitobregmatic plane measured 36 5 cm , 
that of the mentooccipital plane, 44 cm Both fontanels were bulging slightly 
The greater fontanel admitted the tips of two fingers , the lesser, the tip of one 

From the Department of Pathology of the Israel Zion Hospital 

1 Cushing, H Intracranial Tumors, Springfield, 111 , Charles C Thomas, 
Publisher, 1932 

2 Van Wagenen, W P Arch Surg 20 199, 1930 

3 Friedman, J J, and Solomon, C I Am J Dis Child 52 114, 1936 

4 Turner, O A , and Simon, M A Am J Cancer 30 289, 1937 

5 Weinstein, E A J Mt Sinai Hosp 5 573, 1938 
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finger The cranial bones touched each othei at the sutures The face was deeply 
cyanotic, and the eyelids were edematous All signs of maturity were present 

The scalp was markedly edematous On opening the cranial cavity, there 
escaped approximately 100 cc of nonclotted blood One noted a complete tear of 
the right half of the tentorium cerebelh and a partial tear of the vena cerebri 
magna A large amount of loosely clotted blood was present in the subdural 
space and below the tentorium 

The brain measured 15 by 13 by 9 5 cm and weighed 310 Gm The lepto- 
menmges in large areas were hemonhagic There was evident at once marked 
atrophy of the cortex of the left parietal and occipital lobes, which showed no 
convolutions and no sulci Palpation of this area revealed great flabbiness of the 
brain tissue, beneath which however, a mass of firmer consistency was felt 
Removal of a thin shell of brain tissue in this area exposed a well outlined ovoid 
tumor, which measured 4 by 3 5 bj' 3 cm (fig 1) It was located within the 
greatly dilated posterior hoin ot the left lateral ventricle and was firmly attached 



Fig 1 — Lateral view of the left cerebral hemisphere The thinned out cortex 
of the parietal and occipital lobes has been removed and the tumor within the 
greatly dilated posterior horn of the left lateral ventricle is exposed 

to Its floor, medial wall and roof The choroid plexus, coming from the inferior 
horn, entered the tumor at the junction of the inferior and posterioi horns Two 
large blood vessels, coming from the plexus, entered the tumor at this place 
Further dissection showed that the wider of these two vessels was a direct continua- 
tion of the greatly dilated anterior choroid artery The tumor was lined by a very 
thin, delicate, wimkled fibrous capsule, rich in blood vessels near the junction of 
the choroid plexus and the growth The surface ot the growth was pale yellowish 
gray and showed deep furrows, along which the capsule was firmly attached to 
the underlying tumor tissue In other places, particularly where the growth was 
fixed to the walls of the ventricle, a free space remained between the tumor tissue 
and its capsule In these areas the capsule, on superficial examination, seemed 
to merge with the ependyma of the ventricle 

The cut surface of the neoplasm appeared papillary, soft and grayish pink 
Many small papillae also originated from the inner lining of the fibrous capsule 
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The cortex of the left parietal and occipital lobes and the underlying white 
matter were compressed to a shell 0 5 cm in thickness Similar compiession and 
atrophy, with loss of the normal convolutions, were seen on the medial aspect 
of the left occipital lobe The anterior and inferior hoi ns and the central part of 
the left lateral ventricle weie normal in width The optic thalamus w'as in front 
of the tumor and not compressed by it The lentiform nucleus had no relation to 
the tumor The remaining portions of the ventnculai s 3 Stem were normal in 
width and lined by smooth, pale ependj'ma The foramina of Monro, Magendie 
and Luschka were patent 

The organs of the neck showed nothing unusual The lungs were strikinglv 
emphysematous, undoubtedly as a consequence of the mouth to mouth breathing 
which had been done as a last effort of lesuscitation Along the edges ot both 



F g 2 — Section of papilloma of the choroid plexus , hematoxylin and eosin stain 
A, low magnification, B, high magnification 


lungs were many thin-walled emphj’^sematous blebs, some of them 0 5 cm in diam- 
eter The pleura was smooth and shiny throughout There were many subpleural 
petechial hemorrhages The free and the cut surfaces of both lungs were bright 
pink, with only a few small dark areas of atelectasis interspersed The heart was 
normal save for numerous subepicardial petechial hemorrhages, 1 to 2 mm in 
diameter The remaining organs showed nothing unusual 

Miaoscopic Examination — Sections of the tumor showed an aichitecture of 
innumerable delicate dendritically branching papillae, each consisting of a core 
of vascularized connective tissue and lined by a single laj-^er of tall columnar 
epithelium (fig 2 A) The papillae originated from a scaffolding of dense con- 
nective tissue, w’hich in some places formed cystlike spaces enclosing a great 
number of tumorous papillae The lining epithelium showed a regular palisade-like 
arrangement Each epithelial cell contained a lound or spindle-shaped, moderately 
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hjperchromatic nucleus with numerous fine chromatin gianules In most areas 
each nucleus was in the peripheral half of the epithelial cell, leaving only a narrow 
strip of cvtoplasm between its peripheral pole and the free surface of the cell 
In other places the nucleus occupied the center or the basal portion of the epithel al 
cell The cvtoplasm of the epithelial cells was eosinophilic and granular m its 
peripheral half, whereas its basal portion was clear, showing the cell bordei dis- 
tincth On their free surface manv of the epithelial cells cairied short delicate 
cilia, among which sometimes one solitary long cilium was seen A. real brush 
border was present in very few places Blepharoplasts w'erc absent m ah sections 

The stroma of the papillae consisted of rather loose, wavy connective tissue 
which stained blue with Mallory’s aniline blue-orange gold stain The larger 
stromal septums contained many thm-walled arterioles and capillaries Looselv 
scattered in betw'een were fibroblasts, occasional lymphocytes and, in moderate 
numbers laige clear mesenchymal cells The smallest papillae consisted only of 
two layers of epithelium, sometimes arranged around a wnde capillary A colloid- 
hke degeneration of the stroma was seen in many places , these areas stained 
bright red with Mallory’s aniline blue-orange gold stain Some of these degenerated 
papillae w’eie markedly swollen and lined by cuboidal epithelium 

The capsule of the tumor consisted of a very thin layer of collagenous con- 
nective tissue, lined on the inside bv papilliferous epithelium of the same type 
as that composing the tumoi tissue itself In many places biaane papillomatous 
formations arising from the inner outline of the capsule protruded into the tumor 
tissue Sections of those areas where the capsule was adherent to the ventricular 
wall showed an iriegular fuirow-like protrusion of the capsule into the surrounding 
brain tissue In some places the capsular epithelium covered the underlvmg brain 
tissue so closely as to resemble an ependymal lining By proper staining methods, 
how'e\ei, the collagenous connective tissue of the capsule could be clearly demon- 
stiated everywhere as a thin layer between the epithelium and the underlying 
brain tissue, proving beyond doubt that the former originated fiom the choroid 
plexus and not from the ependvma Mitotic figures and atypical cell forms w'ere 
absent in all sections 

Sections of the lungs revealed full aeration and marked emphy'sematous dis- 
tention of all alveoli The other organs showed no important histologic changes 

Diagnosis — The diagnosis was papilloma of the choroid plexus, located m the 
posterior horn of the left lateral ventiicle of the biam, atrophy of the left parietal 
and occipital lobe , tear of the tentorium cerebelli and vena cerebri magna with 
massive subtentorial hemoirhage, acute diffuse pulmonary emphysema (the latter 
probably due to the attempts at resuscitation, including mouth to mouth breathing) , 
multiple subpleural and subepicardial petechial hemorrhages 

COMMENT 

This IS the first reported case of papilloma of the choroid plexus in 
a newborn infant However, several cases have been reported in which 
such a tumor was found in very young infants, and one is justified in 
assuming that m these cases the growth had been present at birth This 
IS particularly true of those cases m which an enlargement of the head 
was noted at birth oi a few weeks afterward In the case presented, 

Sa Mallory, F B Pathological Technique A Practical Manual for 
Workers m Pathological Histology, Philadelphia, W B Saunders Company, 
1938, p 153 
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death was not caused directly by the tumor itself, but by a birth injury 
inflicted during the delivery of the aftercoming head On the other 
hand, the tumor must be regarded as the indirect cause of death, since 
the enlargement of the head caused by the growth certainly predisposed 
to a teal of the tentorium, especially m bieech presentation Had the 
child suivived its birth, neuiologic s3unptoms would probably have been 
piesent fiom the very onset, in view of the size of the tumoi and of the 
amount of compression of the adjacent stiuctures that was already 
pi esent 

Microscopically, the neoplasm showed all the chaiacteri sties of a 
papilloma of the choroid plexus The absence of atypical changes and 
mitotic figures in the lining epithelium let it appeal as a benign growth 
On the other hand, an ii regular piotrusion of the capsulai epithelium 
into the sui rounding brain tissue was seen in several places, which seems 
to speak for an invasive character of the growth 

Since the tumor was adherent to the wall of the ^entllcle and since 
in some of these areas the papilhferoiis epithelium formed a lining of 
the underlying brain tissue lesembling ependyma, the question arose 
whether this neoplasm originated fiom the ependyma or from the epi- 
thelium of the choroid plexus Conclusive evidence of its origin from 
the latter is fuinished by the transition of the choioid plexus into the 
neoplasm and by the collagenous connective tissue stroma of the giowth 
Moreover, the presence of a thin layer of collagenous connective tissue 
between the capsular epithelium and the biain tissue in all those places 
where the capsule was adherent to the ventriculai wall proved con- 
clusively that this epithelial lining was not identical wuth ependyma 

Mallory pointed out a valuable histologic point of differentiation 
between ependymoma and othei types of glioma, namely, the presence 
of blepharoplasts in the foimer Davis and Cushing,® Van Wagenen - 
and others used the same method to dififei entiate papillary ependymoma 
from papilloma of the choroid plexus Blepharoplasts weie absent in 
the case described here, although many epithelial cells carried cilia on 
their free surface The latter fact does not speak against the origin 
of the tumor from the choroid plexus, since the epithelium of the choroid 
plexus IS normally ciliated dunng fetal life, the time of origin of this 
neoplasm 

A comparison of all reported cases of papilloma of the choroid 
plexus in young infants shows a striking similarity of the essential 
features in almost all cases Thirteen cases of this tumor, including 
the one reported here, have been described in which the patients w'^ere 
infants up to 2 years of age In 9 of these cases, the left lateral ventricle 

6 Davis, L E , and Cushing, H Arch Neurol &. Psychiat 13 681, 1925 

7 (fl) Graves, G W , and Fhess, M M Am J Dis Child 47 97, 1934 

(&) Toeppich, G Frankfurt Ztschr f Path 33 238, 1925 (c) Bleyer, A, and 

Siebert, W J J Pediat 8 193, 1936 {d) Stroeber, H Berl khn Wchnschr 
30 123, 1893 {e) Goodhart, G W Guy’s Hosp Rep 69 217, 1918 (/) 
Weygandt Deutsche med Wchnschr 43 797, 1917 {g) Noodt, K Virchows 

Arch f path Anat 258 331, 1925 (/i) Ebbs, J H Arch Dis Childhood 12 

403, 1937 (i) Van Wagenen ^ (;) Friedman and Solomon ^ {k) Turner and 

Simon ^ (/) Weinstein ® 
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was the seat of the giowth, in 3, the right lateial ventiicle, and in 1, the 
fourth ventricle Marked hydi ocephalus was present in 11 cases The 
repoits of 5 cases mention marked atrophy of the cerebral cortex, with 
flattening of the gyii ovei the seat of the tumor The average size of 
the growths was 3 to 5 cm in diameter, but some had a diameter of 
7 to 8 cm The tumors weie usually reddish brown, soft, f liable and 
well outlined from the sui rounding structures In 5 cases, including 
the present case, the tumoi was fixed to the wall of the ventricle Four 
1 eports mention encapsulation of the neoplasm, while two others empha- 
size the absence of a capsule Giossly visible hemonhage from the 
tumor tissue was present in 3 cases, in 1 of which it was the immediate 
cause of death 

klici oscopically, in all cases the neoplasm imitated more or less 
closely the structuie of the choroid plexus In all cases the predominant 
histologic picture was that of delicate branching papillae, each consisting 
of a core of vasculaiized connective tissue, lined by a single layer of 
columnar epithelial cells The histologic picture m most cases was that 
of a benign, nonaggiessive growth In 2 cases, however, the neoplasm 
showed definite evidence of malignancy the case published by Giaves 
and Fliess was that of an anaplastic growth fixed to the brain tissue , 
Toeppich’s case was that of a tumor completely filling out the fourth 
ventiicle of a 2 year old child with definite atypism of the epithelial cells 
and numerous metastases throughout the brain and the spinal cord In 2 
cases the classification of the growth as benign or malignant is doubtful, 
since the neoplastic epithelium, while free from atypical changes, had 
invaded the brain tissue to a slight extent, these are the cases reported 
by Bleyer and Siebert and that reported m this paper The former 
also showed a few “seed implants” m the vicinity of the tumor mass 
Such implants, according to most authors, are not a sign of malignancy 
Finally, the tumor described by Friedman and Solomon ® is worth 
mentioning because of the piesence of many multinucleated giant cells 
and the lack of uniformity of its epithelial cells This neoplasm was not 
encapsulated and was attached to the floor of the descending horn by a 
broad base Its surface was eroded and a massive hemorrhage had 
occurred from it 

Degeneration and swelling of some papillae were present in almost 
all cases In Stroeber’s case these degenerated papillae could be seen 
grossly as pea-sized gelatinous spheres embedded in tumor tissue 

SUMMARY 

A case of papilloma of the choroid plexus in the left lateral cerebral 
ventricle of a newborn infant has been described , the tumor showed no 
histologic signs of malignancy but had invaded the brain tissue to a 
slight degree The reported cases of papilloma of the choroid plexus 
in young infants are strikingly similar in their essential features 
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USE OF SOLID CARBON DIOXIDE IN PREPARATION 
OF GROSS PATHOLOGIC SPECIMENS 

John T Bauer, MD, Philadelphia 

With the commercial introduction of solid carbon dioxide (“dry ice”) 
in 1925 , methods were soon devised for using it in the preparation of 
frozen sections for microscopic examination,^ but so far as I am awaie 
no mention has been made of its application in the preparation of 
gross specimens For those lacking suitable refrigeration who occa- 
sionally wish to piepaie longitudinal or cioss sections of laige parts of 
cadavers, such as an extremity, in such a mannei as to preserve the 
relationships and color of the bones and soft paits, the following methods 
can be lecommended 

A fibei packing box or containei large enough to hold the part to be frozen 
IS obtained and lined with an old woolen blanket and a few newspapers On this 
the specimen is placed, and then small pieces of solid carbon dioxide (5 to 25 cm in 
diameter) are placed about the specimen until it is entiiely surrounded (Heavy 
gloves should be worn w'hile cracking the solid carbon dioxide and packing it 
about the specimen and while handling the specimen after it is fiozen, to preient 
severe frostbite ) The new'spapers and blanket are then tightlv wrapped about 
the solid carbon dioxide 

Depending on the temperature of the room and the size of the specimen, a 
block or two of solid carbon dioxide (50 to 100 pounds [22 7 to 45 4 Kg]) w'lll 
suffice to freeze an arm or a leg solid within twenty-four to thirty-six hours At 
the end of this time gross sections can be sawed in any plane through skin, sub- 
cutaneous fat, muscles, blood vessels and bone, without tearing or distorting of 
the tissue (We have used a carpenter’s crosscut saw wuth 8 or 9 teeth per inch ) 
The sawdust that adheres to the cut surface of the specimen is quite dry at first 
and can be scraped away wnth the edge of a knife 

If the cut surface is then gently and quickly w'ashed wnth cold water, the water 
will be frozen into a thin smooth transparent layer of ice, which readily permits 
photography with few' or no dazzling highlights or reflections Color photographs 
of such specimens are especially pleasing, as the natural colors are preserved 

Blocks can then be taken from the frozen specimen with a saw and chisel and 
placed in the usual histologic fixatives for the preparation of material for micro- 
scopic study No detrimental effect other than slight shrinkage has been noted in 

From the Aj'er Clinical Laboratory of the Pennsylvania Hospital 
1 Dunn, F L J Lab & Clin Med 16 627, 1931 Lindsay, J W , Rice, 
E C , and Selinge-, M A J A M A 96 773, 1931 
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the microscopic sections of tissue frozen by this means Although chemical analyses 
of tissue frozen b> solid carbon dioxide have not been made in this laboratory, they 
should be possible, as rapid freezing retaids most chemical changes 

Modifications of the method outlined have been suggested but not tried These 
include injection of the vascular bed of the specimen with fixatives before freezing 
and use of a band saw or other kinds of power saws instead of a hand saw 

The cost is little more than that of the solid carbon dioxide, which in our 
experience was between ^3 and '>3 50 per specimen 

The method described has been used m this laboratory on three 
occasions On two, the specimen was a lower extiemit}^ removed at 
the hip joint because of an osteogenic saicoma of the femur, and on the 
third occasion the specimen was an uppei exti entity removed at the 



An upper extremity removed at the shoulder from a woman suffering with 
osteitis deformans (Paget’s disease) associated with an osteogenic sarcoma of the 
lower end of the humerus 


shouldei from a woman suffering with osteitis defoimans (Paget’s 
disease) associated with an osteogenic sarcoma of the lower end of the 
humerus A photograph of this specimen (figure) demonstiates the use- 
fulness of the method by illustrating (1) the preservation of the 
relationship ot the tumor m the humerus to the surrounding soft parts 
and (2) the almost complete absence of disturbing leflections usually 
seen m fresh tissue 

SUMMARY 

A satisfactory method is outlined whereby gioss sections of tissue 
can be prepared by sawing through the soft parts and bone after the 
entire specimen has been frozen with solid carbon dioxide (''dry ice”) 



A SIMPLE METHOD OF PREPARING LANTERN 
SLIDES OF HISTOLOGIC SPECIMENS 
IN TWO COLORS 

Trac\ J Put\’am, M D , Boston 

The prepaiation of lantern slides in colors lesistant to heat has 
become a simple matter since the introduction of kodachrome film in 
cut film sizes A film 2^4 by 3% inches (5 7 by 8 2 cm ) is large enough 
to fit into the mat of an ordinary slide, or two 35 mm films ma}’- be 
mounted on the same slide There are still three objections to koda- 
chrome, howevei One is the matter of expense, which precludes its 
routine use in many laboratoiies The second is that exposure must 
be accurate within narrow limits Third, the success of the photograph 
can be judged only aftei the film has been leturned from the processing 
plant 

An easy and inexpensive method of approximating the colors of 
microscopic slides stained with hematoxylm-eosm, methylene bltte-eosin, 
polychromatic methylene blue or its substitutes, Mallory’s connective 
tissue stain, Mann’s stain and others in which the only tints lepresented 
are blue and light shades of red is to tone, mordant and stain an ordinary 
lantern slide plate The method is bon owed from a method once used 
111 the moving picture industry ^ Blue or brown toning of slides is, of 
couise, an old tuck, and Jones - recentty called attention to the useful- 
ness of mordanted colors for lantern slides of histologic material 

The method is as follows 

A soft, well exposed negative is taken on fine grain panchromatic film with a 
Wratten E (orange) filter, at any desired enlargement From the negative a soft 
positive lantern slide is prepared It should be of such quality that practically no 
blacks are present The blues should be represented by dark grajs, reds and 
pinks, by extremely light tones There should be some areas in the slide entirely 
free from deposits of silver, corresponding to empty spaces in the section A weak 
ferricyanide bleach may be used to obtain these white spaces if necessary The 
slide should be thoroughly fixed in fresh sodium thiosulfate (hyposulfite) and 

From the Neurological Unit, Boston Cit}’- Hospital, and the Department of 
Neurology, Harvard Medical School 

This method was developed in the course of investigations financed by the 
Multiple Sclerosis Fund of Harvard University, including a grant from the John 
and Mary Markle Foundation 

1 Tinting and Toning of Eastman Positive Motion Picture Film, ed 4, 
Rochester, N Y , Eastman Kodak Co , 1927 

2 Jones, W R J Lab & Chn Med 23 1297, 1938 
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hardener — best in two successive baths It is then washed for one or two hours 
in running water Incomplete fixation or the slightest trace of sodium thiosulfate 
IS ruinous 

The slide is then toned in the following solution (Eastman formula T-18) 


Ammonium persulfate 

1 

Gm 

Ferric alum (ferric ammonium sulfate) 

25 

Gm 

Oxalic acid 

6 

Gm 

Potassium ferricyanide 

2 

Gm 

Hydrochloric acid (10 pei cent) 

2 

cc 

Water to make 

2,000 

cc 


The slide should be toned until the dark grays are blue, leaving light tones 
mordanted but unchanged in color It is often well to leave a few points still 
black It IS washed ten to fifteen minutes (not longer) and then immersed in the 
following solution (Eastman formula T-17a) 

Safiamn® 0 2 Gm 

Acetic acid (glacial) 0 5 cc 

Water to make 1,000 cc 

It IS left in this solution until the light tones acquire the desired color (usually 
fifteen minutes) The blue may be intensified fay ashing and returning it to the 
iron bath, and the red may be made deeper by returning it to the safranin bath 
Overstaimng with safranin may be remedied by dipping in 0 2 per cent solution of 
concentrated ammonia, then washing, but there is no way of decreasing the 
intensity of the blue 

When the colors are satisfactory, the slide is washed for ten minutes and diied 
A little yellow may be “dubbed m” if desired The finished slide is given a coat 
of varnish and mounted in the usual fashion The colors are peimanent, and the 
slide IS resistant to heat The reds produced are somewhat brownish, but the lighter 
shades are satisfactory, and the effect is convincing 

For other combinations of colors which might be useful — ^foi example, blue and 
yellow for Weigert-Pal slides , brown and yellow for silver stains — consult the 
manual on toning motion picture films ^ 

SUMMARY 

A Simple and inexpensive method of combined toning, mordanting 
and staining of ordinary lantern slide positives is described, which is 
applicable to histologic subjects stained by methods in which blues and 
reds alone are represented 

3 Quantities under 1 pound (453 Gm ) may be obtained from the Eastman 
Kodak Company, Rochester, N Y Larger amounts from the National Aniline 
Company, 40 Rector Street, New York 



Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
etc — Normand L Hoerr, assistant professor of anatomy in the University of 
Chicago, has been appointed professor of anatomj" in Western Reserve University, 
succeeding the late Thomas Wingate Todd 

Thomas B Turner has been appointed professor of bacteriology in the school 
of hygiene and public health of Johns Hopkins University 

Raymond B Allen, dean of Wayne Universitj' College of Medicine, Detroit, 
has been appointed executive dean of the Chicago colleges ("medical, dental and 
pharmacal) ot the University of Illinois 

Frederick P Gaj, piofessor of bacteriology m the College of Physicians and 
Surgeons of Columbia Universit}', died on July 14, at the age of 65 

Stanley P Reimann, Philadelphia, has been appointed chairman and pathologist 
ot the newlj' established division of cancer control in the state department of 
health of Pennsylvania 

Alfred N Richards, professor of pharmacologj , has been appointed to succeed 
the late Alfred Stengel as vice president of the Unnersitv of Pennsjlvania in 
charge of medical affairs 

Elson B Hehvig and William O Russell have been appointed instructors in 
pathology in Washington Unnersity School of Medicine 

Awards — The Theobald Smith medal and prize of $1,000 has been awarded 
by the American Association for the Advancement of Science to Albert B Sabin, 
associate of the Rockefeller Institute for Medical Research, m recognition of his 
work on pneumococcic infections 

The annual award of the American Pharmaceutical Manufacturers’ Associa- 
tion was presented to Nathan B Eddy and Lyndon F Small, of the United States 
Public Health Service, at the recent annual meeting, in recognition of the “funda- 
mental and outstanding studies of the chemistry, pharmacology and therapeutics 
of morphine derivatives for the alleviation of human suffering” 

The French League against Cancer has awarded the Amerongen prize of 160,000 
francs to A H Roffo, director of the Institute of Experimental Afedicine for the 
Study and Treatment of Cancer at the University of Buenos Aires 

The Alvarenga Prize of the College of Ph 3 sicians of Philadelphia has been 
awarded to Harrj'- Goldblatt for his work on the genesis of hypertension 

Beit Memorial Fellowships for Medical Research, London — The first 
Beit fellow, now Sir Thomas Lewis, was elected in 1910 With the elections of 
1938, the total of fellows reached 200, of these 30 were women Of the 170 men, 6 
have been elected to the Royal Society and 34 have been appointed uni- 
versity professors The value of the fellowships varies from $2,000 to $2,500, 
approximately The most frequent places of work by Beit fellows have been 
Cambridge University, London Umversitv and tlie Lister Institute of Preventive 
Medicine 


400 



Abstracts from Current Literature 

To Save Space the Original Titles or Abstracted Articles Sometiijces 

Are Shortened 


Expenmental Pathology and Pathologic Physiology 

Trypsin Injection into Renal Arteries M Friedman and L N KLatz, 
J Exper Med 68 485, 1938 

Trvpsin injected into both renal arteries of the dog was found to cause acute 
neciosis of large sections of the kidney, an immediate excretory insufficiency and 
transient hypertension In dogs surviving the acute phase of the reaction to the 
injected trypsin a chronic renal excretory insufficiency developed, with no hyperten- 
sion, despite the severity and duration of the renal excretory insufficiency The appli- 
cation of a Goldblatt clamp to the renal arteij' of one of the two kidneys into which 
trj'psin had been injected led to a rise m blood piessure, which leturned at once 
to normal when the ischemic kidney was lemoved, even though the preexisting 
renal excretory insufficiency was augmented This experience demonstrated 
unequivocally that chronic renal excretory insufficiency and hypertension are not 
directly related The application of a Goldblatt clamp to the renal artery of one 
kidney and the simultaneous injection of trypsin into the other led to hypertension 
The later removal of the ischemic kidney led to severe renal excretory insufficiency , 
at the same time the preexisting hypertension disappeared This indicated again 
that renal excretory insufficiency and lenal ischemia produce different phenomena 
and that the former had no direct relation to hypertension 

From Authors’ Summary 

A New Method of Producing Renal Insufficiencv and Hypertension in 
THE Rabbit D R Drury, J Expei Med 68 693, 1938 

A simple method is described for producing renal insufficiency in rabbits by 
limiting the blood flow through one kidney and later removing the other Renal 
insufficiency of any desired degree of severity can be obtained The limitation of 
blood flow should be produced by allowing the artery to grow up to the size of 
a loop of thread laid around it when the rabbit is small Attempts to reduce the 
blood flow by constricting the renal artery m the adult rabbit usually result in 
necrosis of the kidney The induction of renal insufficiency is usually followed 
by loss of weight and disturbance of the apparatus for maintaining equilibrium 
Hemorrhages into the intestinal wall and into the lumen of the intestine are fre- 
quent A moderate degree of anemia, as judged from hematocrit readings, comes 
on very rapidly after reduction of the total kidney mass The total red blood 
cell volume seems to assume a lower level, which is maintained for a long time 
Hypertension is present before the ablation of the right kidney and becomes more 
severe after this operation A certain degree of hypertension can be produced 
in the adult rabbit by moderate restriction of the renal blood flow of one kidney 
The severitj' of this is increased by removal of the other kidney 

From Author’s Summary 

Nutritional Cytopenia in the Monkey W C Langston, W J Darby, 
C F Shukers and P L Day, J Exper Med 68 923, 1938 

Young rhesus monkeys (Macaca mulatta) were given a diet containing casein, 
polished nee, whole wheat, salt mixture, sodium chloride, cod liver oil and ascorbic 
acid They showed a syndrome of anemia, leukopenia and loss of weight Ulcer- 
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ation of the gums and diarrhea were common, and death occurred between the 
twenty-sixth and the one hundredth day Four monkejs were given the deficient 
diet supplemented with 1 mg of riboflavin daily, and these piesented the charac- 
teristic signs and died in periods of time similar to the periods of survnal of 
monkeys receiving the deficient diet alone Nicotinic acid, either alone or m 
combination with iiboflavin and thiamin chloride, failed to alter appreciably the 
course of the deficiency manifestations Thus, it is evident that this nutritional 
cytopenia is not the result of a deficiency of vitamin B, riboflavin or nicotinic acid 
The deficient diet supplemented with either 10 Gm of dried brewers’ jeast or 
2 Gm of Iwer extract (Cohn fraction G) daily supported good growth, permitted 
normal body development and maintained a normal blood picture over long periods 
It is obvious that yeast and liver extract contain a substance essential to the 
nutrition of the monkey which is not identical with any of those factors of the 
vitamin B complex that hav^e been chemically identified The authors have pro- 
posed the term “vitamin M’ for this factor which prevents nutritional cytopenia 
in the monkey From Authors’ Summarv 

Corneal Vascularization in Riboflavin Lack O A Bessev and S B 
WoLBACH, J Exper Med 69 1, 1939 

Vascularization of the cornea of the rat in the absence of antecedent pathologic 
damage is probably a specific, and the most reliable, criterion of riboflavin 
deficiency Its initiation and repair may be used for testing the biologic activity 
of compounds structurally related to riboflavin The fact that the invading capil- 
laries are easily visible in the living animal and the fact that the growth and 
regression of the blood vessels are under dietary control and for a considerable 
period of time are unaccompanied by other pathologic reactions make this method 
very suitable for the study of problems related to capillary growth Bessey and 
Wolbach believe that the best hypothesis in explanation is that the vascularization 
is a response to asphyxia of the tunica propria From Authors’ Summarv 

A Study of Bone Regeneration Gustav Levander, Suig, Gynec & Obst 
67 70S, 1938 

The specific osteoblastic theory holds that regeneration of bone may take place 
from preexisting cells belonging to the different layers , the metaplastic theory 
maintains that bone may be formed as a result of a process of transformation of 
nonspecific connective tissue An essential part of the first theory concerns the 
predominant role of periosteum Experimental evidence, however, has shown that 
it IS only the periosteum of the growing skeleton that has the power to stimulate 
the formation of bone Also it is known that when fullj' differentiated hard bone 
tissue is grafted, new bone is always formed In a series of rabbits Levander 
first studied the mode of origin of new bone after transplanting into soft parts 
hard bone tissue stripped of periosteum New bone formed from the mesenchymal 
tissue in the areas surrounding the graft In his opinion, the specific stimulus 
necessary for the formation of new bone is brought to the mesenchyme in the 
form of a substance liberated from the graft and conveyed with the lymph into 
the surrounding areas In a second series of experiments alcoholic extiacts of 
bone tissue were injected into soft tissues of the abdominal wall as far as possible 
from any preexisting bone Cartilage or bone was formed at the seat of injection 
in 22 per cent of the rabbits Alcohol alone or alcoholic extracts of other tissues 
gave negative results in a control series On the basis of these experiments it is 
felt that bone regeneration takes place as a result of activation of the nonspecific 
mesenchymal tissue by some specific bone-forming substance This supports the 
heteroplastic theory of bone formation and conforms with the views of < Spemann 
with regard to embryonic development Warren C Hunter 
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Pathologic Anatomy 

Coronary Artery Disease Anai y zed Post Mortem W H Gordon, E F 
Bland and P D White, Am Heart J 17 10, 1939 

In a study of the records of 3,400 consecutive postmortem examinations made 
at the Massachusetts General Hospital between February 1925 and September 
1937 the following facts Yvere ascertained After the age of 70 years there was 
no difference in the incidence of disease of the coronary arteries in men and 
Yvomen Before that age there Yvas much more of this disease in men than in 
Yvomen The incidence and the degree of coronary atherosclerosis Yvere found to 
be significantly greater in the 600 patients from the private departments than in 
the 2,800 patients from the general Yvards The greatest difference occurred in 
the middle-aged senes in YY'hich coronary occlusion Yvas found to be twice as fre- 
quent in the private patients This difference Yvas most striking in middle-aged 
men These observations are in general agreement with clinical impressions 

Froji Authors’ Summary 

Pharyngeal Pituitary Gland R H Melchionna and R A Moore, Am J 
Path 14 763, 1938 

A small mass of typical or atypical pituitary tissue was found in the pharyn- 
geal mucosa in 51 of 54 unselected cases examined The differentiated cells in the 
pharyngeal pituitarv'^ gland are histologically identical with those in the anterior 
lobe of the pituitary gland, but there are relatively few chromophilic cells Under 
normal conditions of growth and activity it is unlikely that the pharyngeal 
pituitary gland has any significant physiologic function, but in some cases of 
altered structure or activity of the pituitary gland it cannot be denied that the 
pharyngeal pituitary gland may undergo structural alterations and serve as an 
endocrine organ From Authors’ Summary 

Giant Interstitial Ceils of thf Testis A A Nelson, Am J Path 14 831, 
1938 

In a study of microscopic sections of 721 testes from a series of 470 autopsies 
on men 18 years of age or more, giant interstitial (Leydig) cells having from 4 
to 30 (usually 8 or 10) nuclei were found in 85 testes They were found at all 
ages and in all sorts of general disease conditions They do not appear to have 
been described previously, although their existence has been hinted at The 
observations of Berger and others on the “sympathicotropic” or “hilus” cells have 
been confirmed and extended It is generally agreed that these cells in the testis 
are identical with the ordinary interstitial or Leydig cells The author proposes 
the name “extraparenchymal interstitial cells” or “extraparenchymal Leydig cells” 
as best describing them From Author’s Summary 

Pulsating Angioma (Generalized Telangiectasia) of the Skin Associated 
WITH Hepatic Disease D H Williams and A M Snell, Arch Int 
Med 62 872, 1938 

The association of cutaneous pulsating angioma (generalized telangiectasia) and 
hepatic disease is not uncommon The association probably depends on two 
inherent developmental characteristics which are closely related The cutaneous 
lesions are primarily angiomatous and hav'e a border of radiating telangiectatic 
vessels These lesions, the development of which represents a recessive charac- 
teristic, are identical with those of hereditary hemorrhagic telangiectasia, the 
development of which represents a dominant characteristic The hepatic disease 
IS usually chronic, with cirrhosis and atrophv of the hepatic parenchyma pre- 
dominating Alcohol, arsenic and syphilis are associated factors 
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Arterioles of the Pancreas, Liver, Gastrointestinal Tract and Spleen in 

Hypertension C G Morlock, Arch Int Med 63 100, 1939 

No measurable changes m the arterioles due to age were found in the pancreas, 
liver, gastroenteric tract or spleen in normal persons Measurable thickening of 
the arterioles, with reduction of the ratio of the thickness of the wall to the 
diameter of the lumen, was found m h 3 'pertensive patients of all ages In severer 
hypertension there w'as greater thickening of the walls, wnth greater reduction 
of the ratio Histologically, m the eaily stages the change was hyperplasia of 
the media, and in the latei stages, degeneration and fibrosis In the more severely 
damaged vessels degeneration of the intima w'as prominent, the latter composing 
the greatest portion of the w'all Arterioles of equal caliber show'ed varying 
degrees of pathologic change From a histologic standpoint the pancreas exhibited 
the most pronounced arteriolar changes, but as a tissue the pancreas suffered no 
more than the other organs The clinical classification of hypertension on the 
basis of severity of symptoms is substantiated by the corresponding degree of 
pathologic change in the arterioles No attempt is made to establish a causal 
relationship between hypertension and the arteriolar changes found with hyper- 
tension S\BRO Tashiro 

The Medulloblast and the MrouLLOnLASTOMA J Klrshman, Arch Neuiol 
& Psychiat 40 937, 1938 

From studies of embr 3 'os and fetuses by means of Hortega's silver method 
Kershman concluded that medulloblasts — the composite elements of medulloblas- 
toma, considered hypothetic — actually exist Medulloblasts occur only in the 
cerebellum, w'here they are identified with the cells of its external granular zone 
These cells are bipotential, for they give rise to neuroblasts and spongioblasts 
The latter are considered by Kershman medulloblasts which do not occur in any 
other part of the central nervous system — for instance, the spinal cord or the 
cerebral hemispheres — and for this reason give rise to medulloblastoma onb m 
the cerebellum q g H^,ssix 

Perineurial C\sts of the Spinal Nerve Roots I M Tariov, Arch Neurol 
& Psychiat 40 1067, 1938 

Tariov described S cases of C 3 'sts of the sacral and cocc 3 'geal roots of the spinal 
cord The age of the patients ranged from 49 to 63 The cysts varied in diameter 
from that of a pinhead to 2 cm and originated m the perineural spaces, wdneh. 
according to Tariov, are bordered by the arachnoid and pia The w'alls of the 
cysts, which were continuous with the dural and arachnoid membranes, consisted 
of several layers of arachnoid cells with a delicate connective tissue fiamew'ork, 
while the inner border w'as formed of flattened endothelial cells and endoneuria! 
reticulin Tariov thinks that such cysts may account for the root pains of sciatica 
in some cases and that they probably have their origin in an inflammatory process 
which seals off a portion of the perineurial space q g Hassin 

Genesis of Microglia in the Human Brxin J Kershman, Arch Neurol & 
Psychiat 41 24, 1939 

The microglia w'hich is considered by some ectodermal, b 3 others mesodermal, 
has been studied 63 ’’ Kershman with the silver method of Hortega in human 
embryos of from eight to tw'enty-nine weeks He concluded that microglia is a 
mesodermal element and originates from certain areas located underneath the 
meninges, in connection wnth inferior choroid plexus around blood vessels , m 
short, w'herever the cerebral and mesodermal tissues aie in near proximity The 
various stages of grow'th of a typical microglial cell were traced Where 3 mungest 
It appears m an ameboid form, which is gradualb’^ transformed into a typical 
microglia cell The earliest appearance of microglia seems to occur simultaneousb' 
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with that of the intracerebral blood vessels The precursor of the microglial 
elements are wandering mesodermal elements, the histiocytes of mesodermal tissues 
In short, microglia cells are derived from embryonic mesenchymal cells 

G B Hassin 

The HrMATOEA cephalic Barrier L b Kmc, Arch Neurol &. Psychiat 41 51, 
1939 

Trypan blue injected intra% enously into animals colors the dura, the stroma 
of the choroid plexus and the parenchyma of every organ m the body except the 
brain Here only the anterior half of the pituitary body, the pineal body and the 
area postrema become blue On the other hand, dye injected into the subarachnoid 
space causes marked coloring of the cerebral paienchyma King attempted to 
explain only the effects of intravenous injections He holds that trypan blue is 
attracted only by organs that are relatively^ rich in connective tissue (the dura or 
the choroid plexus, for instance) In other words, the affinity of the connective 
tissue for trypan blue is the cause of this phenomenon and not the so-called hemato- 
encephalic barrier which is supposed to be put up by the endothelium and to 
prevent the dy^e from passing into the parenchyma There is increased affinity for 
trypan blue in inflammatory conditions of the brain With long-continued adminis- 
tration of trypan blue many cells within the parenchyma stain vitally, especially 
around the central canal and cornu animonis, where the dye is flocculated by 
“suitable” cells G B Hassin 

Earli. Phases of Prostatic Hyperplasia C L Deming and C Neumann, 
Surg , Gynec & Obst 68 155, 1939 

The material for the study of the early lesions of prostatic hyperplasia was 
obtained at autopsies on subjects of 45 years and upward Whole sections of 
glands were stained with hematoxylm-eosin and Masson’s trichrome stain, the 
latter to differentiate muscle from fibrous tissue Glands containing minute, early 
lesions were sectioned serially The first change in benign enlargement of the 
prostate is primarily a multiplication of fibromuscular elements, resembling the 
early stages of uterine fibromyoma The posterior part of the urethra and the 
internal vesical sphincter contain muscle fibers which are derived from the same 
embryologic source as those of the uterus The glandulai portion of the tumor 
IS derived from ducts adjacent to the fibromyomatous nodule and not from glands 
The suburethral glands of Albarran are not involved in the early stages It is 
probable that the solid nodule produces some stimulating effect on the epithelium 
of the duct wall, causing its epithelium to bud and invade the solid nodule and 
form glands within it The fibromyomatous tissue is overgrown by a more rapidly 
growing duct and glandular tissue, with the result that the nodule in its later 
stages acquires the appearance of an encapsulated glandular tumor 

Warren C Hunter 

PuPTURE OF Aneurysm into Pituitary Adamantinoma H Buess, Beitr z 
path Anat u z allg Path 101 335, 1938 

Buess reports a unique case of fatal rupture of an aneurysm of the right anterior 
cerebral artery into an intrasellar cystic pituitarv adamantinoma The clinical 
and pathologic manifestations are discussed j Lebowich 

Pancreas, Hypophysis and Thyroid in Children of Diabetic Mothers 
H Okkels and E Brandstrup, Acta path et microbiol Scandinav 15 268, 
1938 

The pancreatic islets in children of diabetic mothers are larger and more 
numerous than is normal Accompanving the insular htpertrophv there is an 
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increase in the differentiated epithelium of the anterior lobe of the pituitary The 
thyroid gland also shows signs of increased activity All these alterations have a 
common cause, probably the hyperglycemic condition induced in the fetus This 
condition possibly effects the changes observed in the endocrine glands bv the 
intermedium of the central nervous sv'stem From Authors’ SuJI^^ARY 


Microbiology and Parasitology 

Murine and Human Leprosv. A \V Sellards and H Pinkerton, Am J 
Path 14 421 and 435, 1938 

Inoculation of murine lepros}’^ into the brains of monkeys (Macacus rhesus), 
rabbits, white rats, ordinary white mice and guinea pigs resulted in the develop- 
ment of progressive lesions in all except the guinea pigs White mice of mixed 
breeds vv^ere also readily infected by inoculation in the spleen, the liver or the 
peritoneal cavut}^ but on subcutaneous inoculation they usuallj'" showed only an 
abortiv^e infection Mice of some inbred strains frequently acquired well marked 
local lesions on subcutaneous inoculation, and subsequently show'ed extensive 
metastases Murine leprosy has been maintained b}" serial passage m white mice 
of mixed breeds for four years Various routes of inoculation hav^e been used 
Massive infections hav^e developed, providing excellent material for experimental 
purposes The bacillus of rat leprosy produced infection in the murine rodents, 
white rats and white mice, according to the manner of a micro-organism develop- 
ing in a favorable host, but in rabbits and monkeys the circumstances of its 
multiplication were apparently less favorable Monkeys (AI rhesus) inoculated 
with human lepromatous material were kept under observation for more than one 
year Lepra bacilli were seen in small numbers in smears of inguinal glands 
Transfers of the infection were made to other monkeys, in which similar low 
grade infections developed during a period of more than a year Portions of the 
pia mater of one of these monkeys were implanted intracerebrally in white rats, 
fifteen months later many acid-fast bacilli were found in the brain of 1 rat 
Briefly, human lepra bacilli w^ere maintained in animals for a period of three and 
three-fourths years, but no progressive disease and no active lesions developed 

The lepra cells in murine lepros}"' are derived largely from mesenchymal cells 
belonging to the reticuloendothelial system Exceptionally, however, epithelial 
cells, specifically those of the epidermis, testicular tubules and epididymis, became 
distended with lepra bacilli This observation suggests that the relative resistance 
of epithelial cells to infection may depend on the inability of lepra bacilli to enter 
them rather than on intracellular conditions unfavorable to their growth In 
infected rats and mice surviving for a long time the tissues of practically all the 
organs were extensively replaced by nonvacuolated lepra cells distended with 
bacilli, but renal tissue contained relatively few of these cells In the progressive 
local and metastatic lesions produced with Bacillus leprae murium in rabbits and 
monkeys the lepra cells were often vacuolated, and acid-fast bacilli were much 
less numerous in the lesions in these animals than m those produced in rats and 
mice, and were found only after prolonged search Nonpathogenic acid-fast bacilli 
injected intracerebrally were taken up by macrophages and neutrophils but dis- 
appeared from the lesions in a few weeks, never producing metastatic lesions 
Virulent tubercle bacilli, although innocuous in mice when injected subcutaneously, 
produced progressive and metastatic infection when injected intracerebrally The 
lesions were noncaseating, and the tubercle bacilli were found largely within 
macrophages, so that these lesions closely resembled those of leprosy 

From Authors’ Summaries 
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Relation of Human Encephalitis to Encephalomyelitis in Horses C M 
Eklund and A Blumstein, JAMA 111 1734, 1938 

In the summer of 1937 encephalitis occurred in 6 farmers in localities where 
equine encephalomyelitis was prevalent The blood serum of 1 of 3 patients whose 
serums were tested was shown to neutralize the western strain of equine encepha- 
lomyelitis As far as is known, this is the first time that neutralization of the 
virus of equine encephalomyelitis by human serum has been found 

From Authors’ Summary 

Human Encephaiitis Eight Fatat Cases, with Four in Which the Dis- 
ease Was Due to the Virus of Equine Encephalomvelitis C Wessel- 
HOEFT, E C Smith and C F Branch, JAMA 111 1735, 1938 

Fatal acute encephalitis was observed in 8 patients All the patients resided 
in an area Avhere an epidemic of the eastern strain of equine encephalomyelitis 
involved more than 200 hoises during the same period and where mosquitoes were 
unusually prevalent Autopsies were performed on 7 of these 8 patients, and 
the virus of the eastern strain of equine encephalomyelitis was recovered from the 
brains of 4 The virus of the eastern strain of equine encephalomyelitis causes in 
human beings a profound acute disseminate and focal encephalomyelitis, character- 
ized by intense vascular engorgement, perivascular and parenchymatous cellular 
infiltration and extreme degenerative changes in the nerve cells The gross 
pathologic manifestations are not specific When the infection is severe, the micro- 
scopic reaction can readily be distinguished from any of the common types of 
encephalitis From Authors’ Summary 

Pyogenic Filterable Agent in the Albino Rat W H WoGLOMand J Warren, 
J Exper Med 68 513, 1938 

A filtrable agent resembling virus is desciibed It was encountered in sar- 
coma 39, a propagable neoplasm of the white rat, and has now been maintained 
in this species for twenty-eight passages over a period of some seven months 
without appreciable loss in virulence Its chief effect is the production of large 
abscesses in an animal species comparatively resistant both to viral diseases and 
to suppuration The white mouse is more susceptible than the white rat, the rabbit 
less so, and the guinea pig is highly resistant The agent was repeatedly recovered 
from sarcoma 39 when this was treated in special ways, but under the ordinary 
circumstances of routine transplantation it did not manifest itself As yet there 
IS no certainty as to where it came from or how it maintains itself under natural 
conditions From Authors’ Sumjiary 

Ultracentrifugation of Vaccine Virus E G Pickels and J E Smadel, 
J Exper Med 68 583, 1938 

Ultracentrifugal studies on the CL dermal strain of vaccine virus indicate 
the following characteristics of the elementary bodies A stable suspension of 
Paschen bodies in a dilute buffer solution of /jh 6 2 to 8 sediments with the for- 
mation of a characteristic primary boundary which consistently shows a spread 
of approximately 14 per cent The principal sedimentation boundary is accom- 
panied frequently by one or several more rapidly moving boundaries which prob- 
ably are produced by groups of agglutinated elementary bodies consisting of two 
or more particles Occasionally the principal boundary may exhibit an irregular 
or peculiar behavior, a fact which necessitates a careful selection of material and 
the performance of many experiments for accurate interpretation of results The 
sedimentation constant of the slowest moving particles forming the principal 
boundary is computed to be 49 1 X cm /seconds/dyne On the basis of this 

sedimentation rate the average diameter of the smallest virus particles in appre- 
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ciable amounts is estimated at 236 microns If the boundary spread is due prin- 
cipally to slight differences in particle size, then the largest single elementary 
bodies are approximately 252 microns in diameter 

From Authors’ Summ\r\ 

Correlation Between the Group Specieic Sebstances and Biochemical 
Characteristics or Hemolytic Streptococci M C Hfchler and M A 
Farrell, J Infect Dis 63 225, 1938 

“A stud}^ of the serological and biochemical properties of 42 strains of hemolytic 
streptococci led to the following conclusions 

“By means of the precipitin test 37 of the 42 strains are classified into the 7 
serological groups of Lancefield 

“Five of the 7 serological groups, in a large majority of cases, show a definite 
relation to the source of the strains 

“The biochemical and cultural characteristics of all strains within a group 
are somewhat variable although predominant group reactions are noted Certain 
correlations are indicated between the group specific substances and fermentative 
reactions” Authors’ Summ\r^ 

Trichinosis in Cleveland Postmortem Examination or Diaphr^G'ms and 
Skeletal Muscles from 100 Consecutive Autopsies C H Evans Jr, 
J Infect Dis 63 337, 1938 

“An incidence of 36% of trichinosis for the Cleveland area is indicated by 
postmortem examination of diaphragms and skeletal muscles from 100 consecu- 
tive autopsies 

“In tins series the usual procedure of examination of diaphragm bj the 
digestion-Baermann method alone revealed an incidence of 20% 

“The application of the compression-microscopic and the digestion-Baermann 
methods shows variations in the number of organisms recovered, but together 
they give a more nearly true result than with either alone 

“The examination of skeletal muscles such as the intercostals and the sterno- 
mastoid in addition to the diaphragm gives a higher incidence of infestation 
than IS revealed by examination of the diaphragm alone ” 

Author’s Summary 

Viability of Pneumococci in Dried Sputum E G Stillman, J Infect Dis 
63 340, 1938 

Pneumococci have been recovered from dried sputum uhich has been exposed 
to diffuse daylight at room temperature for months 

Pneumococci will live in dried sputum stored in the cold, on an average, four 
or five times longer From Author’s Summary 

Epidemic Influenza Virus W Smith and C H Andrewes, Brit J Exper 
Path 19 293, 1938 

An antigenic analysis of 28 strains of influenza wrus isolated from human 
patients has been made by means of cross neutralization tests in mice Many 
antigenic components enter into the constitution of the various strains Of these 
components, four appear to possess major significance, they were found in very 
different proportions in the different strains On the basis of their content of the 
four major antigens it was possible to classify the strains into three mam cate- 
gories, namely, highly specific strains, relatively nonspecific strains and inter- 
mediate strains A strain of virus can be shown to absorb from a heterologous 
serum only those antibodies which correspond to its own antigenic components 
Active immunization experiments with mice show that the protection conferred 
by vaccination with a single strain is most effective against that strain The 



ABSTRACTS FROM CURRENl LITERATURE 


409 


efficacy of a vaccine against a heterologous virus is largely dependent on the close- 
ness of antigenic relation between the strains concerned Experiments with ferrets 
suggest that in animals with some basic immunity the response to vaccination may 
be less specific than that in animals with no previous experience of influenza 
The difficulties of applying the results of animal experiments to human vaccina- 
tion are discussed From Authors’ Summary 

Microscopic Observatioxs ox the Bacttriophagd or Bacterium Coli K B 
Merling-Eisenberg, Brit J Exper Path 19 338, 1938 

The lytic action of the bacteriophage of Bacterium coh has been observed 
and photographed in the following stages Particles appear within the bacterial 
cell, which swells up and finally bursts, discharging the particles into the 
surrounding medium The bacteriophage is distinguished from nonspecific particles, 
and Its size is found to be 25 millimicrons Fkoji Author’s Summary 

The Virus of Trachoma A Cuenod and Roger Nataf, Arch Inst Pasteur 
de Tunis 27 284, 1938 

These studies confirm the authors’ preceding studies of the presence of 
rickettsia-like bodies in trachoma Cultures in series on the chorioallantoic mem- 
brane of the egg show lesions on the membrane, virulence for the embryo and 
frequent presence of rickettsioid bodies This cultivation permits new analogies to 
be found between the etiology of trachoma and that of classic and murine typhus 
and permits the formulation of the hypothesis that epithelial inclusions of the 
Prowazek and Halberstaedter types and nckettsias and rickettsioid bodies are 
different stages in the development of the same virus The studies suggest also 
the use of potassium cyanide m the treatment and prophylaxis of trachoma and 
of various infections due to nckettsias From Authors’ Summary 


Immunology 

Fatal Anaphylactic Shock in Man *J Ziskind and H J Schattenberg, 
Arch Int Med 62 813, 1938 

Fatal anaphylactic shock followed a second intravenous injection of a foreign 
protein At necropsy marked congestion of the liver and more moderate conges- 
tion of the other organs were noted General enlargement of the lymph nodes 
and persistence of the thymus gland were also noted The significant microscopic 
changes were as follows The hepatic sinusoids were dilated and congested, as 
were also the alveolar capillaries of the lungs Within these vessels the leuko- 
cytes and the eosinophils were apparently relatively increased The alveoli in 
some areas were compressed, those in others, dilated In some instances their 
walls were ruptured In the spleen the malpighian corpuscles were increased in 
size and had large germinal centers It is suggested that the mechanism of death 
was of the so-called dog type, namely, capillary dilation, especially in the liver, 
with corresponding fall in blood pressure and cardiac failure 

From Authors’ Summary 

Prevention of Hypersensitivity in Tuberculosis R H Follis Jr, Bull 
Johns Hopkins Hosp 63 283, 1938 

Animals infected with the tubercle bacillus and prevented from becoming 
hypersensitive by treatment with old tuberculin show less caseation in their lesions 
than do control animals in which hypersensitivity has developed In some of the 
nonhypersensitive animals pulmonary lesions develop which are marked by extra- 
ordinary proliferation of the acid-fast bacilli Since these lesions did not develop 
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in the majority of the nonhypersensitive animals and since the same lesions were 
found in some of the animals of the control groups, shown to be hypersensitive, 
It IS concluded that lack of hypersensitivity does not play a role in producing 
lesions of this type From Author’s Sumjiart 

Polysaccharides from Tubercle Bacilli F R Sabin, A L Joyner and 
K C Smithburn, J Exper Med 68 563, 1938 

Purified tuberculopolysaccharides are relatively innocuous both to normal and 
to tuberculous guinea pigs Both tuberculopolysaccharide and polysaccharides from 
pneumococci call larger numbers of leukocytes from the blood vessels than do 
salt solution and dextrose and trehalose The mechanisms controlling the delivery 
of lymphocytes and neutrophils into the blood stream are different Slight irri- 
tation of the peritoneal lining slows the delivery of lymphocytes to the blood 
stream There are two phases in the reaction of the bone marrow to intraperi- 
toneal injections Correlated with the draining of neutrophils from vessels to 
tissues, owing to the presence of foreign materials in the latter, there is a draining 
of young neutrophils from the marrow into the sinuses of the marrow as these 
same materials reach the sinuses The subsequent disintegration of the neutro- 
phils extravasated into the tissues is correlated with increased mj^eloid activity 
in the marrow From Authors’ Summary 

Reactions to Tuberculoproteins and Tuberculophosphatide K C Smith- 
burn and F R Sabin, J Exper Med 68 641, 1938 

Prior observations on the cellular reactions to tuberculophosphatide are con- 
firmed and the reactions compared with reactions induced by this material in 
tuberculous animals In the latter the response is accelerated and augmented and 
simulates the Koch phenomenon Tuberculoprotein produces no macroscopic 
reaction in normal animals The microscopic reaction of neutrophils and mono- 
cytes regresses in less than a week The same material in tuberculous animals 
causes a response characterized by more or less hemorrhage and necrosis, tissue 
degeneration and infiltration by neutrophils and monocytes Late in the reaction 
there may be a few epithelioid cells and foreign body giant cells Preparations 
of tuberculophosphatide Yvhich contain no tubercle bacilli or only a few induce 
the typical cellular response but do not induce hypersensitiveness to tuberculin 
Repeated intradermal skin test injections of tuberculoprotein MA-100 in normal 
guinea pigs may be followed by mild hypersensitiveness to subsequent injections 

From Authors’ Summary 

Response of Immunized Mice to Reinoculation with the Virus of St Louis 
Encephalitis E A Cook, J Infect Dis 63 206, 1938 

If seven to twenty-one days after mice have been given one or two injections 
of the Y’lrus of St Louis encephalitis by either the subcutaneous or the intra- 
peritoneal route they are reinoculated mtracerebrally or intranasally, they mav 
show sudden flaccid paralysis of the limbs, with a fatal or a nonfatal outcome 
Similar results may be observed on intracerebral inoculation of mice after one oi 
two previous intranasal inoculations The incubation period of the paralytic con- 
dition is five to fourteen days, being shorter (five to eleven days) after intra- 
cerebral than after intranasal injection (eleven to fourteen days) 

Suspensions of the brains or cords of such paralyzed animals when injected 
into normal mice give rise to typical encephalitis Virus exists usually in slightly 
higher relative titer in the cord than in the brain but is in comparatively low titer 
in both and disappears rapidly It is not detectable in the central nervous system 
seven, fourteen or twenty-one days after the injection of a nonlethal dose 

The localization of the paralytic symptoms is not correlated with the site of 
injection 
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The seium of mice given a single subcutaneous or intranasal injection of a 
nonlethal amount of viius possesses little or no neutralizing capacity However, 
in animals so treated a certain degree of immunity exists, as shown by their 
resistance to subsequent inoculation with virus in amounts rapidly lethal to controls 

The chief pathologic changes in the cords of paralyzed mice are vascular con- 
gestion, perivascular and diffuse round cell infiltration, proliferation of microglia 
and nerve cell degeneiation, especially m the anterior horns 

From Author’s Summarv 

Lethal Toxins or Htmoivtic Streptococci E W Todd, But J Exper Path 
19 367, 1938 

Group A hemolytic streptococci produce two distinct varieties of streptolj sm, 
which are both lethal to mice (1) streptolysin 0, which is sensitive to oxj'gen, 
(2) stieptolvsin S, which is extractable with serum These two streptolysins are 
neutralized by separate, entirely unrelated antibodies Antistreptolysin O protects 
mice against either death or hemoglobinuria which mav be caused bv streptolvsin O, 
but it does not protect against streptolysin S Antistreptolysin S protects mice 
against either death or hemoglobinuria which may be caused by stieptolysm S, 
but it does not protect against streptolysin O Antistreptolysin S does not protect 
mice against living cultures of hemolytic streptococci, and it does not enhance the 
protective action of antistreptolysin O From Author’s Summarv 

Antirabic Immunization I T Kligler and H Bernkopf, Bi it J Exper Path 
19 378, 1938 

Expeiiments are reported which indicate that formaldehydized tissue cultures 
of rabies virus possess considerable immunizing capacity for mice if injected mtra- 
peritoneallv The immunity to an intracerebral infection is incomplete, a little 
less than half of the mice given five to seven injections of the vaccine possessed 
solid immunity to 10 lethal intracerebral mouse doses , about 42 per cent possessed 
no immunity Immunity to an mtraperitoneal or subcutaneous infection is more 
easily established Even a single mtraperitoneal treatment with the inactivated 
culture virus is sufficient to protect mice against an mtraperitoneal infection with 
a dose of fresh virus which kills about two thirds of the control mice A similar 
immunity is conferred against a subcutaneous infection except that a larger amount 
of vaccine is required Of special interest, perhaps, are the data showing that 
immunized mice which survive an mtraperitoneal infection possess a greater degree 
of immunity than do untreated mice which survive such an infection Primary 
treatment with inactive virus affects to a marked extent the immunity of these 
mice to an intracerebral infection Mice which received diluted vaccine (1 10) or 
fewer doses possessed a lower degree of immunity than the others, although all 
of them survived an mtraperitoneal or subcutaneous infection with fresh brain 
virus Only half of the mice which survived an mtraperitoneal infection without 
previous vaccination were immune to an intracerebral infection, whereas 84 per 
cent of previously immunized mice proved immune A single dose of a rabies 
virus culture which had a very low virulence for mice, if injected intraperitoneally, 
conferred on the treated mice a high degree of immunity against a subsequent 
intracerebral infection with test brain virus From Authors Summ^rv 


Tumors 

Lung Tumor Development in a Resistant Strain of Mice M G Seehg and 
E L Benignus, Am J Cancer 34 391, 1938 

A 10 per cent mixture of carcinogenic tar in lampblack failed to induce cancer 
of the lung in any of 100 genetically tumor-resistant mice which inhaled the mix- 
ture over a period of ten months and which at autopsy showed a heav\ deposition 
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of the lampblack in the lungs This result is in marked contrast to that of a 
previous experiment in which with chimnej soot there was induced an 8 per cent 
incident of pulmonary tumors in a less resistant strain of mice A 4 per cent 
spontaneous incidence ivas observed m a control group of SO animals in spite 
of the fact that this strain when living under a Bar Harbor environment showed 
less than 1 per cent incidence of tumor of the lung It is entirely possible that 
the difference of tumor incidence m this and in our earlier experiment is due to 
(fl) the varving tumor productivity of the particles used in the first experiment 
as contrasted wnth the softer, less traumatizing particles of lampblack used in the 
second experiment Because pulmonary grow'ths in mice may be so small as to 
escape macroscopic detection, it is believed that serial sectioning and microscopic 
examination of tissue are essential in determining the incidence of tumor of the 
lung Unfortunately', it seems to be true that environmental conditions alter the 
genetic reaction to tumor growth on the part of even pure strain animals Equally 
unfortunate is the lack of agreement of opinion, or at least of certainty, regarding 
the histology of pulmonary tumors m mice From Authors’ Summary 

Transplantable Ltmpiiosarcoma in Mici M R Lewhs, Am J Cancer 34 

399, 1938 

Ly'mphosarcoma developed in 3 mice that w'ere gneii injections of 0 8 mg of 
1,2,5,6-dibenzanthracene dissolved in 0 4 cc of sterile olne oil Tumors (Carnegie 
172, 226 and 233) arose at the sites of injection seventy-fi\e, one hundred and 
fifteen and two hundred and thirt\ -seven days later, respectively They w'ere 
composed of malignant lymphoctes Tw'o of them arose from the axillary' Ivmph 
nodes and the third from the thymus One of them (no 172) was transplanted 
through tw'dve generations in mice of the strain in which it originated It w'as 
found to be 100 per cent transplantable in mice of the same strain but not trans- 
plantable in mice of other strains The tumor was passed b\ implantation of 
whole blood or pieces of lung, liver, spleen, kidney, lymph node or tumor but not 
by implantation of blood plasma or of the supernatant fluid of centrifuged extracts 
of the tumor From Author’s Summary 

Freeing Walker Tumor from Contaminating Bacteria R E Gardner and 

R R Hade, Am J Cancer 34 442, 1938 

Metastases are readily obtained by' inoculating small pieces of Walker tumor 
no 2S6 into the tails of y'oung susceptible rats When the implanted tumoi is 
contaminated w'lth bacteria the metastases usually prove to be sterile, especially 
those from the region of the retroperitoneal lymph node 

Froai Authors’ Summary 

Malignant Giant Cell Tumor of Bone F W Stew'art, B L Colea and 

J H Farrow', Am J Path 14 515, 1938 

The authors haA'e been unable to arrive at a satisfactory descripti\e term for 
the malignant giant cell tumors of bone They' believe that it is perhaps best to 
retain the designation “malignant giant cell tumor,” since it carries at least a 
definite connotation They' state that the efforts to establish hard and fast 
lines of distinction for cells involved in bone development have made the 
description of the histogenesis of bone most complex Through the ultracytologic 
analy'ses of v'arious histologists, according to the authois, cells hav'e acquired 
individualities which they probably do not merit or merit onh in a transient 
sense The cell elements of giant cell tumors cannot be separated from the 
connective tissue cells and vessels which are inv'olved m the histogenesis of bone 
and which ev'olve in different directions, dependent on the physicochemical condi- 
tions of the period The authors are much in sympathy with the views of 
Afoschcowitz as expressed in his paper on the relation of angiopenesis to ossifica- 
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tion, and thej see mam similarities in the development of malignant giant cell 
tumors They doubt that one can specifically state that a giant cell tumor is a 
tumor of giant cells, intervening connective tissue cells or angioblastic elements 
or that the malignant giant cell tumor is a sarcoma of giant cells or of angio- 
blastic elements or an endothelioma or a granulation tissue sarcoma, since there 
is great difficnltj in separating the elements of the tumor into permanent entities 
In their own cases they observed no tiue bone formation, and yet it would not 
surprise them if a tumor with this evolutionary pattern should appear Despite 
the tendency, which thej also have followed, to reject as giant cell tumors of 
malignant type those tumors m the metastases of which cartilage has appeared, 
they think the rejection mav not be necessaiily warranted 

Thus the form assumed by the process known as giant cell tumor will be 
found to depend on the nature of the circumstances, physical and chemical, which 
have initiated the process plus the extrinsic factors that have interfered with 
Its normal evolution Until the giant cell tumor and its malignant evolution 
are better understood, the interpretation of this type of tumor must remain in a 
speculative phase From Authors’ Summary 

C\RCiNOMA IN THE Leopard Frog B Luckl, J Exper Med 68 457, 1938 

An epithelial tumor with acidophilic intranuclear inclusions frequently occurs 
111 the kidneys of leopard frogs This tumor usually has the appearance of an 
infiltrating and destructive adenocarcinoma When large, it not uncommonly 
metastasizes , less often it is more orderly and adenomatous When inoculated 
as living fragments or as a cell suspension into the lymph sacs, cranial cavity 
or abdomen, it gives no significant local growths, and the implanted material is 
resorbed However, in approximately 20 per cent of the frogs surviving inocula- 
tion for more than six months, renal tumors develop which are like the “sponta- 
neous” neoplasms The incidence far exceeds that in the controls Desiccated 
and glycerinated tumor injected into the abdomen gives the same result as living 
tumor in somewhat over 20 per cent of animals surviving more than six months 
renal tumors occur In alien species of frogs, no such tumors are produced by 
inoculation of either living or desiccated tumor These experiments indicate the 

probability that the tumor of the kidney of the leopard frog is caused by an 

inclusion-forming, organ-specific virus From Author’s Summary 

Primarv Reticulum Cell Sarcoma or Bone F Parker Jr and H Jack- 
son Jr , Surg , Gynec & Obst 68 45, 1939 

The type of primary tumor of bone described apparently constitutes a definite 
group, hitherto unrecognized and unprovided for m the classification of the Bone 
Sarcoma Registiy Although such a tumor was suggested as a possibility m 
1931, the first positive diagnosis of it was not made until 1936 Prior to this 
tumors of this type had been variously classified as Ewing’s sarcoma, Hodgkin’s 
disease, lymphosaicoma, osteogenic sarcoma, leukosarcoma or inflammation 
Because of the more serious lesions with which it may be compared, the charac- 
teristics and clinical course m 17 cases, in 10 of which it involved males, are 

described Primary reticulum cell sarcoma of bone differs materially from the 

generalized form in that in the great bulk of cases it occurs m persons under the 
age of 40 and involves the long or flat bones instead of the vertebrae and skull 
Despite local extensive involvement and roentgenographic evidences of a massive 
and destructive lesion, the patient remains in good condition 

Histologically, the neoplastic cells have round, oval, indented or lobulated 
nuclei, twice the size of a lymphocyte, scattered chromatin granules and a con- 
siderable amount of cytoplasm Despite the apparently malignant nature of the 
tumor It is quite amenable to treatment, as proved by the fact that 13 of the 17 
patients are alive from six months to fourteen, years after the first appearance of 
symptoms Early diagnosis by biopsy followed by immediate amputation and 
irradiation seems to be the proper procedure Warren C Hunter 



414 


ARCHIVES OF PATHOLOGY 


Bone Sarcoma Factors Influencing the Prognosis C C Simmons, Surg , 
Gynec & Obst 68 67, 1939 

This repoit is based on the results of treatment of 47 primary malignant 
tumors of the long bones, excluding plasma cell myeloma, at the Massachusetts 
General Hospital during the period between 1920 and 1932 The prognosis is not 
as poor as is generally believed if the tumors are removed by radical suigical 
operation , it depends more on the amount of differentiation of the cells com- 
prising the major portion of the tumor than on any one other factor Tumors 
composed largely of adult fibrous tissue or cartilage offer a better prognosis than 
those in which the cells show marked anaplasia Of 28 patients with osteogenic 
sarcoma on whom amputation was done, 39 per cent are living and without 
evidence of disease five or more years after operation All patients (S) in whose 
tumors fibrous tissue predominated and on whom amputation was done are well , 
the percentage for those whose tumors showed a predominance of cartilage and 
who were treated m the same manner is 70 , only 5 5 per cent of those with 
tumors made up of anaplastic cells are alive after five jears All patients with 
Ewing’s sarcoma, whether treated by amputation or by irradiation, died of the 
d'sc^se Warren C Hunter 

Inflammation and Carcinogenesis S Beck, Brit J Exper Path 19 319, 1938 

Mice were given injections of 3,4-benzpj rene dissolved in a 30 per cent solu- 
tion of turpentine m olive oil In each instance a sterile abscess was thus induced 
around the benzpyrene In other groups benzpyrene was injected into or near such 
abscesses Two groups given injections of benzpyrene in the same solvents but 
without turpentine served as controls In another control group abscesses were 
induced but no benzpyrene was injected All groups receiving injections of 
benzpyrene acquired tumors and showed the fluorescence of persistent benzpyrene 
in the tissues for about six months The following conclusions are drawn Acute 
inflammation had no apparent influence on the rate of absorption or on the 
carcinogenicity of 3,4-benzpyrene in fatty solvents, the inflammatory fibrous tissue 
did not accelerate or retard the development of sarcoma , sarcoma did not originate 
from the fibrous tissue of subacute inflammation, 3,4-benzpyrene did not act at 
the locus of the injection but on tissues in the immediate neighborhood, through 
which it passed on its way to absorption It is concluded that 3,4-benzpyrene 
titrates itself against the tissues, and an optimal concentration for an optimal time 
determines which of the susceptible cells become malignant Probably only a 
few points in the tissue fulfil these conditions From Author’s Summart 

The Antigenic Basis of Tumor Transplantation P A Gorer, J Path 
& Bact 47 231, 1938 

Gorer studied the behavior of a malignant tumor and leukemic tissue arising 
in one strain of mice when this tumor and leukemic tissue were injected into mice 
belonging to an unrelated pure line and also when they were injected into other 
members of the strain m which the tumor arose As a rule, members of the same 
strain of mice were susceptible, wheieas unrelated mice w'ere resistant In 
resistant mice the injection of leukemic tissue and blood gave rise to immune 
isoagglutinins capable of acting on the red blood cells of mice belonging to 
susceptible species, the isoagglutinins attaining their maximum titer seven days 
after the injection Following inoculation of sarcomatous tissue the maximum 
titer of the isoagglutinins corresponded with the time of complete regression of 
the tumor, i e , fourteen days The highest titers were obtained after tumor 
grafting, and leukemic tissue gave rise to stronger isoagglutinins than blood 
The titers dropped rapidly during the week following the attainment of their 
maxima The serologic evidence obtained in the study agreed with the genetic 
evidence published in a previous paper indicating that two genes govern the trans- 
plantability of the tumor and also with the hjpothesis that both genes determine 
isoantigenic differences A S Wiener 
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Histolocic T\pes OF Mpningioma J O W Bland and D S Russell,! Path 
& Bact 47 291, 1938 

A senes of 106 surgical specimens of dural meningioma has been analyzed 
Five histologic types have been identified and described A series of 14 tumors 
representative of these types has been submitted to tissue culture In each type 
a great variety of cell form and growth pattern has been observed, and no cultural 
charactei istics have been found to belong to any one histologic type of tumor Ihe 
cultuial characters of meningioma hate been compared with those of fetal lepto- 
meninges and dura and adult granulation tissue While the cultures of all the 
tissues studied have the features of cultures of fibi oblasts, those of fetal lepto- 
meninges differ, as a rule, from those of meningioma in not uncommonly forming 
epithelioid but not true epithelial sheets This tendency toward sheet formation 
IS considered to support the theory of the aiachnoid origin of dural meningioma 
A striking resemblance was found between cultures of meningioma, fetal lepto- 
meninges and fetal dura, on one hand, and cultures of human fetal mesenchjnne, 
on the other, both showing great polymorphism A similar polymorphism is shown 
by the endothelioid cells of the leptomeninges in pathologic conditions other than 
neoplasm Tlie 3 ' may form macrophages which stoie dves or engulf particulate 
matter, and they may form fibroblasts with fibroglial fibrils It is concluded that 
the leptomeninges are composed ot cells which approximate to the undifferentiated 
mesench 3 'mal cells with embryonic potentialities of the polyblastic system of 
Alaximow Fkom Authors’ Su]MMAr\ 

Rfticuiosis and Reticllosarcoma a H T Robb-Smith, J Path & Bact 47 
457, 1938 

A classification ot the piogiessne hyperplasias and neoplasias of lynipho- 
reticular tissue is suggested which follows Maxiinow’s hypotliesis of the plun- 
potency of certain primitive cells of the embryonic mesenchyme, which persist 
throughout life The justification for a methodologic consideration of the lymph- 
adenopathies has been put forw'ard in the introduction On such a framework 
a clinical analysis can be superimposed and a search made for etiologic factors 
Further subdivisions may be necessary, or certain of those put forward ma 3 piove 
superfluous, but with classification based on cytologic aspects and structuie such 
adjustments are possible without destroying the mam concept, and it is only by 
uniformity of description and a scrupulous use of terms that any advance can be 
made From Author’s Summary 

Morphology of Herpfs Virus S Nicoiau and L Kopciowska, Ann Inst 
Pasteur 60 401, 1938 

In experimental herpetic encephalitis of labbits the nuelei of the neive cells and 
of the ghal cells show gianular masses made up of numerous elements resembling 
bacilli when stained with oxalated methvl blue in glycerinated dilute alcoholic acid 
fuchsin solution These bodies are believed to be colonies of herpes virus The 
individual elements are 0 1 to 0 2 micron in diameter These measurements agree 
with those determined by ultrafiltration and ultracentrifugation 

Similar masses are found in the c 3 'toplasm of neurons, glial cells, endothelial 
cells of the capillaries and monocytic cells of meningeal or parenchymatous infil- 
trations After inoculation of herpes virus into the scarified cornea of the rabbit 
similai bodies are seen in the nuclei and cytoplasm of epithelial cells of the cornea 
After inoculation of the virus into the skin of the metartarsal region of the paw 
intranuclear colonies are found in the malpighian cells 

In the skin of human beings suffering from herpes zoster the virus forms 
colonies of similar morphologic character in the nuclei of epithelial cells of the 
malpighian layer After inoculation of herpes virus into a peripheral nerve many 
micrcbic cells are found between the nerve fibers, within the nerve fibers and in 
the axis-cjlinders 
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Intranucleai herpetic inclusions originate from colonies of the viius by aggluti 
nation, degeneration and fusion of the oiganisms The corpuscles which lesult are 
often included in a mass of the microbic cells They gradually become eosinophilic 
and tend to be separated from the surrounding cell by a halo Cytoplasmic inclu- 
sions arise in the same way and are an expiession of a resistant state of the cell 

From Authors Cohci usions 

Role of the Skin in Chicken Sarcoma A Besredka and L Gross, Ann Inst 
Pasteur 60 465, 1938 

The incubation time of Rous saicoma in the chicken is longei after subcutaneous 
than after intracutaneous inoculation When once formed, subcutaneous sarcoma pro- 
gresses rapidly to a fatal issue Intracutaneous saicoma appeals very lapidly after 
injection and then progresses slowly Intracutaneous tumors may remain stationary 
for months When weak doses aie inoculated inti acutaneously, the tumoi is 
lesorbed in about half the cases 

Chickens w'hich have resorbed their intracutaneous tumoi s become refractory 
to subsequent subcutaneous or intramuscular inoculations This specific, lasting 
and solid immunity is of a cellular nature and is not passu'ely transfeiable to other 
animals From Authors’ Conci usions 

jMalignant Tumors Foilowhng Proionged Administration of Estrogenic 
Hormones A Lacassagne, Bull Assoc franq p I’etude du cancer 27 96, 
1938 

This is a statistical analysis of data collected during si\ vcai s, concerning which 
seieral preliminary repoits have been published since 1932 Selected strains of 
mice, some with a high and some with a low incidence of mammarj adenocarci- 
noma in females, some knowm to be veiy rarely afflicted wnth spontaneous malignant 
tumors, were guen, beginning soon after birth, weekly injections of estrogenic 
hormones Mammary adenocarcinoma w'as observed only in strains normalh 
subject to it, but in larger numbers and earlier than normally, and in males as 
w'ell as in females A larying number of epithelial and connective tissue tumors 
appeared in strains normallj' knowm to be free from such tumors Lacassagne 
concludes that estrogenic hormones played a part in the production of the tumors 

I D widsohn 

Generalized Lvmphosarcoma of More Than Nine Years’ Duration J 
Ducuing, O Miletzkv and Bassal, Bull Assoc frang p I’etude du cancer 
27 117, 1938 

In 1928 a lymphosarcoma, the diagnosis of wdiich wms confirmed bv several 
biopsies, was seen for the first time in a 54 year old wmman wdio complained of 
edema of the right leg A mass was piesent in the right iliac fossa After that 
until May 1937 the patient w'as examined at irregular intervals, with findings of gen- 
eralized enlargement of the Ivmph nodes in the neck, axillas, groins and mediastinum 
and one breast The spleen and later the liver were markedly enlarged The find- 
ings laried, depending on the roentgen therapj'^, the dosage and the dates of admin- 
istration are recorded There was model ate to marked anemia, wnth periods of 
leturn to normal, and leukopenia with relative lymphocvtosis, but on one occasion 
relatue hmphopenia was recorded IMarrow' obtained by sternal puncture revealed 
a relatue decrease of granulocytes and of their piecursors The response to 
roentgen therap\ was prompt and continued through the entire thus fai obseri^ed 
course of the disease I Davidsohn 


Technical 

Blood Subcrolps Ai and A= I Davidsohn, JAMA 112 713, 1939 

Clinical experience indicates (1) that the selection of a donor accoiding to 
Known methods does not assure absence of blood transfusion leactions (2) that 



unexpected icictioiis aic not unconunon when a donor of the same blood group 
as that of the patient is emploecd, especially when the gioup is O oi A, and (3) 
that icactions iic paitieulaih fiequcnt when so-called universal donors are 
emplo\ ed 

Arailahlc serologic data suggest (1) that subgioups Ai and A., AiB and AeB 
arc not alwajs conijiatiblc , (2) that subgroups A. and A.B are not infrequently 
mistaken foi other groups, iiaitieulaih foi O and B, and (3) that some tiansfusion 
reactions, c\cn fatal ones, ire well explained b\ these circumstances 

The method picscnteil offeis two ad\ intages 1 The high-titcrcd, easily pro- 
duced and highlv spciific labbit immune serum permits prompt recognition of 
blood group \ and AB, including the fccblj agglutinating subgroups A: and AsB 
2 A proper dilution of the seiuni, as determined bv titiation, makes it possible 
to differentiate subgioup A. from and \.B from AiB without delay Both 
pioceduies can be earned out within fi\c minutes 

Fuom Author’s Summsuv 

Dm CTiox OI GitTtTinoxi ix rm Mitochondria axd Nucllus P Jovet- 
Lamrgm Compt rend Soc dc biol 128 59, 1938 

The uithor submits a staining method for the demonstration of glutathione in 
the cells of plant or animal tissues It is based on treatment of the sections with 
a 1 per cent cadmium lactate, converting the glutathione into a cadmium compound 
optically Msihlc undei the microscope Most of the intracellular glutathione is 
situated in the mitochondi la and nucleus of the cells r j Lebowhch 

Changes Occurrim. ix Bioon Prisirmd Durinc Man\ Wiins \nd the 
Thiraitutic Diner oi Seen Biood II Gnoiskv, Sang 12 820, 1938 

Gnoisk} studied the jiiopcrties of preserved blood obtained from 40 dogs and 
80 human beings <ind the elTect of tiansfusion of such blood into 18 dogs and 
6 patients Ihc bloods were obtained ascptically, mixed with one-fifth their 
aoliime of 6 per cent citiate solution, and placed in large sterile ampules, which 
were hermetically scaled after all the an had been evacuated Portions of blood 
were also distributed in small ampules, wdiich W'cre opened at intervals for testing 
All specimens wcie kept at 4 C A gradual decrease in the number of red cells 
was obserced, 15 per cent of the cells having disappeared after seventy-three days 
Of the red cells sureiving after nineU days, 40 per cent exhibited morphologic 
changes Dog blood behaved like human blood except that the cells w'cre more 
fragile The leukocjtes underwent more rapid changes than the red cells, and the 
lymphocytes persisted longer than the polj morphonuclears The platelets disinte- 
grated most rapidly, completely disappearing within a period of fifteen to twenty 
days Transfusions of ISO to 280 cc of stored blood into 6 patients gave rise 
in each case to a chill and a rise in temperature, but these weie evanescent and not 
serious This reaction w'as usually followed by an inciease m the urobilinogen 
and the appearance of traces of hemoglobin in the urine Nevertheless, m most 
of the cases there was a satisfactory rise in hemoglobin wnthin a week 

A S W lENER 

Magnetic Eiectron Microscope and Its Use in Biologv F Krause, Natur- 
wissenschaften 25 817, 1937 

Krause has traced the development and discussed the theoretic basis and 
resolving power of the Knoll -Kuska type of electron microscope The limits of 
resolution are indicated The aiticle is illustrated with electronic photographs of 
cells and bacteria The optical image sometimes differs from the electronic image, 
owing to differences in diffractive qualities of the tw'o types of rays Several 
methods of using the electron microscope in biology are considered and suggested 

R J Leeowhch 
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Chorioangioma of the Placenta Louis A Siegei and Emerson Holley 

A white American housewife, 32 years of age, gravid for the second time, was 
admitted in labor to the Children’s Hospital, June 4, 1938 Examination disclosed 
a right occipitoanterior presentation and position , by rectal examination the cervix 
w'as felt to be half dilated 

Two hours after admission the membranes w'ere ruptured artificially, a live 
normal boy w'as delivered spontaneously The placenta and membranes were 
expelled completel}', following use of a modified Crede technic 

The placenta w'as of average normal size and shape, but situated on the fetal 
surface near the free margin was a mass the size of a hen’s egg It measured 
9 bv 6 by 4 cm The tumor was well defined, solid and firm and could be readil> 
enucleated from the surrounding placental tissue 

Alicroscopic examination of the tumor show'ed it to be composed of a sparse 
amount of connectue tissue stroma and an abundance of capillary-sized spaces 
which w'ere lined by endothelial cells of a rather typical nature Many of the 
spaces W'ere empty, others contained red blood cells In still other spaces remnants 
of hemohzed red cells w'ere seen The tumor was divided into lobules by 
trabeculae of somewhat compressed, chiefly collagenous connective tissue, and 
surrounding the tumor and separating it from the placenta w'as a zone of compact 
fibrous tissue w'hich formed a pseudocapsule 

The histologic diagnosis w'as chorioangioma of the placenta 
This report w’lll be published m full in the American Journal of Ohstctius and 
Gynccolog\ 

The De\elopment of Agglutinins in Children w'ith Dtsentert Due to 
Shigella Parada senteriae Flexner Erw'in Neter 

The serodiagnosis of infections due to Shigella paradysenteriae Flexner is 
considerablj more difficult than that of typhoid fever or of dysentery caused b> 
Shigella dysenteriae Shiga In the first place. Shigella paradysenteriae Flexner 
comprises a number of antigemcally different t 3 'pes including Shigella paradysen- 
teriae V, W, X, y and Z of Andrew'es and Inman and other types described bA 
Kruse and his co-workers, Bojd, Sartoniis and Reploh Second, the titer of 
normal agglutinins for members of the Flexner group shows marked variation 
and maj be as high as 1 500 and above Third, it has been reported by some 
authors that specific agglutinins may fail to develop in patients with dj'senteri 
caused b} the Flexner organism Finally, patients suffering from infections w'lth 
Shigella alkalescens ('^ndrewes) may acquire immune agglutinins for certain types 
of S paradj senteriae Flexner because of common antigenic components piesent 
m both species (Neter, E, and Gilfillan, R S Am J Hyg 29 67, 1939) 

During the summer of 1938 23 patients w'lth the clinical symptoms and signs 
of acute drsenterr were admitted to the Children’s Hospital One of the patients 
showed marked signs of meningeal irritation, w'lth rigidity of the neck, Kernig’s 
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plieiiotncnon and othci ';ipns and resembled a patient with the type of bacillary 
djscntcn which was dcsciibcd b\ 1'clt.cn ( hit J Path 12 395, 1936) All the 
patients reco\ ered One patient had c.\ stilis due to S paradyscnteriae (Neter, E , 
and Fislicr, W J Uiol Ciitoit Rev 42 810, 1938) Dj'sentery bacilli could 
be isolated from the feces of 17 of these 23 patients The micro-organisms belonged 
to the ricMici group fhex feimcntcd dextrose and mannitol, with production 
of acid but not gas , thej failed to attack lactose, sucrose, rhamnose, xylose and 
dulcito! The thsenterx bacilli isolated fiom 15 patients were of the W type of 
\ndrcwLs and Innnn, the iincro-oigainsms isolated from the remaining 2 patients 
were of the \ t\pc Of the patients infected with S paradysenteriae W, 8 were 
followed with respect to the dcxclopnicnt of specific agglutinins Twenty-eight 
normal scrums and sciums of patients with diseases othei than dysentery failed 
to agglutinate this particiilai type stiam m titers above 1 25 In contradistinction, 
7 of the S scrums iiom patients wnth dysentcij showed agglutinins m titers langmg 
from 1 80 to 1 1,280 In addition, the agglutination was manifest after only 
fifteen minutes to two houis’ incubation at 55 C and was considerably stronger 
than that obtained with noimal serums High titers of agglutinins were observed 
on the sexenth to filteenth daj aftci the onset of the illness In several cases 
serum specimens were tested during the first five days of illness and found to lack 
agglutinins lor the stiain of S pandvsentenae which was isolated from the 
patients In one parliculai case, foi instance, the serum obtained on the third 
day of the disease had an agglutinin titer of less than 1 10, while the serum 
obtained on the sexenth day of the illness strongly agglutinated the strain under 
inx estigation in a dilution ot 1 80 One patient presenting the clinical signs of 
dysenteix xxas nexei tound to haxe dxscnteiy bacilli in the feces, the development 
of specific agglutinins during the course of the illness m this particular patient 
gives strong evidence as to the cause of the disease, paiticularly since this child 
was 1 of 3 siblings in all of whom dvsenterx developed 

It may be conchided from these observations that in outbreaks of bacillaiy 
dysentery, as presented m this article, the examination of the serum of the patients 
for immune agglutinins for the homologous micro-organisms may support and 
supplement the bactenolcgic findings 

Pax-criatogi xoLS Stiatorriiia IX \x IxTvxT S SvNES and Richard A 
Dow XI V 

At birth a white boy weighed 6 pounds 15 ounces (3147 Gm ) He was 
the first born In the second week of life he began to have three to twelve stools 
per day Some of these were loose and watciy Most were large, soft, yellow and 
foul Vat m the stool was 51 pci cent of the dry weight Diets prescribed for 
their constipating effect brought no lelief from the frequent large stools When 
the boy was 3 months old, signs of a respiiatory infection developed The abdomen 
also became distended Despite the fact that he^took his feedings well, he remained 
the same w^eight as at birth until his death, at //4 months of age 

The anatomic diagnosis was pancreatogenous steatoiihea, maiked marasmus, 
anemia , hyperplasia of the bone marrow , marked purulent bronchitis and bronchio- 
litis with bronchiectatic abscesses and chronic interstitial pneumonia and bioncho- 
pneumonia, atypical metaplasia of the epithelium of bronchioles, pulmonary 
emphysema, gioss atresia of the cystic duct with glandular formations in the wall 
containing inspissated secretion, slight iickets, hyperemia with hemorrhage in the 
medulla of the adrenal, digested nnlkhke content in the trachea and bronchi, 
hy'peremia and hemosiderosis of the spleen , hemosiderosis of the liver 

Microscopically, the lobular structure of the pancreas could still be discerned 
The acinai tissue was not well preserved The ducts were dilated They con- 
tained detritus, apparently secretion, desquamated cells and few neutrophils Fat 
was demonstrated m the ductular content, particularly within large cells There 
was distinct mteilobular and intralobular inflammatory reaction, with infiltration of 
round cells, plasma cells, eosinophils and neutrophils and marked fibrosis Hemo- 
siderin was revealed free and in macrophages The capillaries were dilated 
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Several medium-sized aiteiies showed hyaline thickening of the internal elastic 
lamina The walls of these vessels as well as of smallei arteries seemed somewhat 
thickened Islets of Langerhans were present m good numbers Some were liyper- 
trophic Bacteria were not found with special stains 

The observations in our case correspond to those summarized by Andeison and 
Blackfan m their recent publications We interpiet the lesion in the pancreas 
in the light of obstructive cirrhosis 


PATHOLOGICAL SOCIETY OF PHILADELPHIA 

Baxter L Crawford, Picsicicnt 
Rcgulai Meeting, Jan 12, 193^ 

H L R\tcliffe, Sccictaiv 

Aleukemic Plasma Cell Leukemia with Hfmorrhvgic Phfnomfna 

Mitchell Bernstein and David Fishback 

Aleukemic plasma cell leukemia is lare Its occurrence with hemorrhagic 
phenomena is still more unusual Our patient, aged 52, complained of bleeding 
from the gums and marked weakness when he first came under observation, on 
Feb 2, 1938 The bleeding fiom the gums began in Novembei 1937 and occurred 
almost daily 

The striking featuies were pallor, hemorrhages from the gums, petechiae in 
the buccal membrane, a soft apical svstohe cardiac murmur, enlaigement of the 
spleen to 8 cm below the left costal margin, and a few' petechiae over the thighs 
Marked secondarj anemia was found, the hemoglobin content being 27 pei cent, 
the erythrocjte count 1,750,000 and the leukocyte count 3,500 per cubic millimeter, 
wuth 60 per cent neutrophils, 37 per cent lymphocytes and 3 per cent monocytes 
The platelets aveiaged 110,000 per cubic millimeter This blood picture did not 
change wuth subsequent examinations The bleeding time w'as six and one-half 
minutes, and the coagulation time was three and one-half minutes Chemical 
examination of the blood revealed hyperproteinemia, reveisal of the serum albumin- 
globulin ratio and a low' cholesterol content An unusual feature of the blood W'as 
Its peculiar tendency to gel on withdraw'al from the patient’s vein regaidless of 
the addition of citrate or oxalate 

The urine contained albumin, hvaline casts and occasionalh double lefractile 
bodies Routine studies of the gastiointestinal tract showed a normal condition 
Roentgen studies of the skeleton revealed nothing of interest The sternal bone 
marrow' during life was said to be hvpoplastic 

From February 2 on, the patient had lepeated oozing hemorrhages from the 
gums and nose On May 18 bilateral thrombosis of the retinal A'eins occurred, 
and w'eakness, pallor and splenic enlargement persisted Slight enlargement of 
the Iner was noted Bronchopeumonia finalh developed, and death occurred on 
Tune 22 

At necropsy the features of interest were splenomegaly, marked my'ocardial 
degeneration, infarction of the left lung, confluent bronchopneumonia, nephrosis 
and nephrosclerosis, fatty metamorphosis of the liver, with slight congestion, and 
Inperemia of the brain Histologic examination (Dr R P Custer) show'ed 
\arious tissues, especially ^the spleen, bone marrow, Ivmph nodes, liver and adrenals, 
to contain laige collections of plasma cells Plasma cells were also noted w'lthin 
a small blood aessel 
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DiSSLCTING \,MliasMs SlMLINTJM S'iJMHIinc HlAIiT DlSLASI, Will! A.OHTIC 

Ri c.LKGiT \TiON E 0 \m)i 1 !so\ aiitl B A Goun •i 

\ stud\ of nuloi)",\ iccouls al tliL Philadelphia General Hospital duiing the 
past ten \cais Ins disclosed a total of 40 cases of dissecting aneurysm — oi an 
iiKidcncc ot 1 in 400 In If) ot the 40 cases the classic signs and symptoms of 
rapid dissection weic piesented with death due to cvteinal massive hemoirhage 
In 6 ol the 40 lases there were signs and svmptoms of aoitic i egurgitation Death 
was due not to lupture of the aiuiiivsm and catiavasation of blood but to long- 
standing heait failuie \t aiito])s\ the cross section of the aorta usually presented 
an onion peel apjKai anee 'I he dissection of the media frcciuently extended the 
entire length of the aoita, from the root to ot beyond the bifui cation of the iliac 
aiteiies In 2 cases the dissection remained w'lthm the confines of the media, 
tlicre having been ncithei inteinal ot external rupture In the othei cases the 
di-'section communicated with the tiue aoitic lumen both proximally and distallj, 
producing a double barrel channel There was no sepaiation of the commissures 
ijiit the aortic iing was dilated, and the cential portions of the free maigins of 
the aortic cusps vvcic moderate^ tolled and thickened so as appatentlv to pi event 
idequatc approximation The hcait was invaiiably hypertrophied In I additional, 
similar cases, the dissection had not extended pioximally to the root of the aorta 
Ol had not existed long enough to cause signs and svmptoms of aortic regurgita- 
tion, and these instances wcie thcicforc excluded from this series 

The clinical diagnosis in the majoiitv of the cases was sv'phihtic hcait disease 
with aoitic regurgitation Even at autopsv in 4 of the 6 cases the gioss anatomic 
diagnosis was svphihlic aortitis Howcvei, in no case could svphilitic aoititis or 
anv other svphilitic cntilv he substantiated bv microscopic examination 

Ricorrext Btxirx Prostvtic Hv arpTROi’in Associvtfd with Carcinoma 

W P JrX'NIXGS 

According to available intormation, the incidence of recuiient benign hvpei- 
tiophv of the prostate is approximately 2 per cent From a biief levievv of 
reports it appeals that the development of carcinoma of the prostate in association 
with iccurrent hvpcitroph} is much less ficquent Two examples of the latter 
condition aie presented heic The ages at which both the first and the second 
phase of the disease oecuired aie within the expectable range The patients were 
recentlv admitted to the Presbjteiian Hospital, to the services of Di George C 
Giiffith and Di Joseph C Birdsall, i espectiv^ely 

CvsE 1 — A white man 71 veais old, was admitted to the hospital Nov 9, 1938, 
because of hematuria of five weeks’ duration In June 1933 an enlarged prostate 
had been removed, which showed adenofibromatous hypei trophy and chionic 
prostatitis The patient’s convalescence was uneventful In June 1937 he noted 
inci easing constipation From Julj 1938 to the date of admission he lost 50 pounds 
f22 7 Kg') 111 weight and expeiienced weakness of the aims and legs, dyspnea and 
intercostal neuralgia In October 1938 hematuria was noted, and the testes were 
swollen and painful Pioctoscopic and cystoscopic examination apparently were 
not informative The blood pressuie was elevated There was maiked tenderness 
over the left side of the abdomen, as well as slight tenderness over the right, 
chiefly over an enlarged liver The scrotum was swollen and inflamed, vvuth 
edema of the sciotum and on the left side, and the left testis was enlarged and soft 
The rectal sphincter was spastic, and a large hard mass could be palpated on the 
anterior rectal wall The urine contained a trace of albumin and numerous leuko- 
evtes The blood count was normal The patient died on November 22 At 
autopsy the immediate cause of death was demonstrated to be a coronary occlusion 
with infarction of the interventricular septum The bladder was trabeculated 
The urethral mucosal suiface was smooth and vvdiite, with two firm white sessile 
nodules, 3 and 2 cm m diameter, i espectiveRx bulging from the lateral sui faces 
of the othei wise smooth prostatic bed pioducing no obstruction Periurethrally 
in the piostatic region was a mass of film white tissue 6 by 5 bv 3 b} 2 cm 
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within which were numerous punctate j^ellow areas and minute, extremely hard 
white elevations The mam portion of this extended from the urethra to the rectum 
The testes and penis were apparently normal Microscopically, the superficial 
tissues in the prostatic urethra contained a mass of prostatic elements showing 
benign h 3 'pertrophy A few hyperplastic ingrowths were present However, the 
underlying muscular coats and periurethral tissues were infiltrated bj neoplastic 
cells, among which few mitotic figures were seen Chrome inflammatory changes 
3 \ere associated with this process Distal to the prostatic tissue, the urethral 
mucosa was ulcerated, and the superficial as well as the deep fasciae were infil- 
trated with tumor cells The diagnosis was primary adenocarcinoma of the 
prostate, grade 3, and recurrent benign hj pertroph}'^ Metastases were not found 

Case 2 — A white man aged 82 years was admitted to the hospital on Nov 29, 
1938, because of increasing frequency of urination of two weeks' duiation, resulting 
in acute retention on the morning ot admission Transient hematuria was noted 
in October 1938 In September 1917 an enlarged and indurated pi estate had 
been removed Convalescence was uneventful At the present admission the i esults 
of physical examination were essentially negative, there was, howe\cr, slight 
cardiac enlargement, and the prostate was large, irregular and hard Cystoscopic 
examination revealed marked trabecular hypertrophy and what were apparently 
diverticula , there was a prominent anterior notch with protruding intravesical, 
lateral and median lobes On December 14 a large prostatic mass, 7 by S by 3 
cm , and four smaller masses, each 1 cm in diameter, collecti\ ely w’eighing 95 Gm , 
were remo\ed The prostatic tissues were well encapsulated, had a honeycomb 
appearance and were composed of multiple yellowish white masses of varied size 
in a soft fibrous matrix The gross impression w'as recurrent benign h 3 'pertrophy 
Microscopically, sections through seven portions of the gland w'ere examined, all 
of w'hich showed bulky, often greatly dilated glands lined by h 3 ’perplastic columnar 
epithelium In several areas, however, the epithelium assumed a distinct neoplastic 
character and 3vas definitely invasive Tumor cells were noted in a dilated 
lymphatic channel The diagnosis w'as recurrent benign prostatic h 3 pei trophy 
and adenocarcinoma of the prostate 

Effect of Temperature on the Dn\ELOPAinNT of the Chick Embrvo 
Lawrence E W Smith 

The effect of changes in temperature on the development of the chick embryo 
was found to be profound in a series of over 700 instances A ciitical temperature 
hing somewhere between 90 and 95 F exists at which not onlv dela 3 ’^ in develop- 
ment was noted but also failure of cell giovvth, differentiation and organization 
The significant fact was observ^ed that the first fortv -eight to ninet 3 '-six hours 
were the most important Eggs which at the beginning of then devHopment were 
subjected to a temperature of 90 F for fort 3 '-eight or more hours and then allowed 
to complete their incubation at a normal temperature (102-103 F) showed 100 
per cent malformations These ranged fiom minor defects of the extiemities to 
actual monstrositv Ectopia cordis, eventration, sirens and evxn double-headed 
monsters were obtained with absolpte reguiantv Temperatures well below 
this critical level resulted merelv in dela 3 ’'ed matuiation Temperatures above 
105 or 106 F caused rapid distintegration of the embr 3 m 

These results point tovv^ard a basic biologic principle in relation to cell growth 
Its possible application as a therapeutic adjunct in the treatment of inoperable, 
advanced cancer, dependent on the idea of a critical level of temperature for 
3 oung, activeb growing tumor cells, is suggested Preliminary clinical observa- 
tions in a small group of cases seem to bear out the soundness of this idea 

“Silent,” So-Called Primvrv Tlbercllosis or the Spleen Herbert Fox 

Three cases are reported in which so-called pr]mar 3 ^ tuberculosis of the spleen 
was discovered b 3 splenectomv’^ The condition is called primary because no other 
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locaht\ of disease could be uiiexccptionalK diagnosed The term “silent” is sug- 
gested because onlj the splenoinegaU called attention to the condition Tubercle 
bacilli wcic sought for In ail the accepted methods without success, and this 
has been the experience of otheis T.ubciculosis of the spleen has been found 
associated with puipuia, pcimcious anemia, hemolytic icterus, leukemia, poly- 
eethcmia and Banti s SMidrome ihe silent foini is usually fibromiliary , the 
caseous foini is assoeiatcd with inoie casih discoverable tubeiculosis The tuber- 
culin test IS unicliable This chionic fibromiliare foim seems nevei to have been 
diagnosed bcfoic opeiation 

The article will be published in full in the Atiicncan Journal of Chnical 
Patiwloffv 


Baxtlr L Cr\wiokd, Picsiduit 
Rcgulai Mcchug, Peb 9, 1939 
H L RATCiirn, Sccictaiy 

Mural IZxnoctRnnis Foilowixg Plimonarv Suppuration A Trasoff and 
D R IiIiRAX/n 

A woman aged 47 jeais became suddenh ill with semptoms and signs sugges- 
ti\e of acute pancreatitis Tliesc continued toi two weeks, and then the condition 
followed a moie septic and toxic course 

The phjsical signs wctc those ot an infection of the upper respiratoiy tract 
and pneumonitis of the low'Ci lobe of the right lung, with marked abdominal dis- 
tention and epigastric tcndcincss The blood studies all gave negative lesults 
except for anemia The urine showed a tiace of albumin 

Within tw'o weeks after the onset a laige spleen w'as palpable, and examinations 
of the blood, urine and feces foi typhoid bacilli and brucellas revealed none A 
roentgenogram of the lungs revealed marked congestion but no pneumonia The 
disease progressed rapidly, the temperature becoming more septic, finally menin- 
geal involvement became apparent The patient died before a lumbar puncture 
could be obtained 

On postmortem examination were found a large spleen, which contained a 
hemorrhagic cyst, a mural thiombus in the left auricle of the heart, a large 
abscess in the upper lobe of the left lung and smaller abscesses in the upper lobe 
of the right lung with umesolvcd pneumonia Abscesses were also found in the 
lu'er, kidney, perirenal fat tissue and brain, from which a type III pneumococcus 
was isolated The pancreas showed definite evidence of acute interstitial pan- 
creatitis, as noted by maiked edema and infiltration 

Benign Enlargement of the Prostate Robert A Moore 

Benign enlargement or benign hypertrophy of the prostate occurs commonly 
in the presenile and senile periods of life In postmortem examinations there is 
found a progressive increase m the incidence with increase m age, so that men in 
the ninth decade show an incidence of 75 per cent In clinical examinations the 
greatest incidence is found in persons m the seventh decade of life, with fewer 
cases in both younger and older persons The disease also shows varying inci- 
dence in some races and is more frequent m married than single men 

The earliest lesion is found in the periurethral tissue and consists of focal 
hyperplasia of the stroma If glands are in immediate contact with the foci m the 
stroma, there is simultaneous hyperplasia of the epithelium Only that part of 
the prostate is involved in which the ducts empty into the urethra above the lower 
end of the veiumontanum This part of the prostate is represented in the female 
pseudohermaphrodite The prostate thus consists of two parts, a male part below 
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and an ambisexual part abo\e the \ erumontanuin The same separation can be 
established in a study of the prostate of a newborn infant wdiich has been exposed 
to a large amount of estrogen m the mother’s blood 

On the basis of these facts and others it seems probable that the estrogenic 
hormone m the male organism plays a role in the genesis of benign enlargement 
My o\vn studies for the past two vears have been directed toward de\elopment 
and proof of this w'orking hypothesis 

It IS w'ell know'll that androgens wull neutiahrc the effect of estrogens if 
injected m a ratio of about 50 to 1 It is also know'ii that there is a gradual 
deciease in the urinaiy excretion of androgens with increasing age It follows 
that if the amount of effective androgen decreased more than the estiogen duiing 
presemhty the pi estate would be exposed to unneutrahzed estrogen In an anahsis 
of 60 specimens of urine from patients w'lth and without benign enlargement there 
is eiidence to support this assumption 

Studies of the morphologic aspects and hormone content of the pituitan gland 
111 benign hypertrophy eliminate this oigan as the piiniarv seat of the disease 
The absence of the disease m true eunuchs lends strong support to a theory that 
the most probable cause is a disturbance in the liornioiie secretion of the testes 
The most satisfactory w'Orking hypothesis is Benign enlargement of the pros- 
tate IS a disease of presenihty due to the altered and iriegular differential secretion 
of androgen and estrogen during this peiiod of life 
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La maladie D’Aujeszky P Rcnilingci, dncclcm de 1 Institut Pastern de 
langci ct T Pjadh chef dc service a I’liistitut Pastcui de 1 anger Papei 
Pp 204 witli K) illustiations Price 45 francs Pans Masson &, Cie, 1938 
1 his IS the onI\ monogiaph on a disease known under seeeral names, ‘infectious 
Inilhai paiaiesis, mad iteh, ’ psciidorabics, ’ hut known best under the name 
of Its discoieicr, wiio described it in 1903 in Hungaiy, as a previously unknown 
disease in dogs, eats and cattle In 1912 the disease w'as obseived in Brazil, later 
in vaiious Emopean countiies, then in Afiica and Asia, and in 1930 it was found 
b\ Shope in the state of Iowa S. biogiaphic introduction deals with the life of the 
discoverei, M.idar Xujeszkv, 1869-1933 Then follow chapters on the history of 
the recognition of the disease all over the world, the symptoms it gives rise to m the 
diflerent s])ecies and the compheated epidemiologic pioblems which it presents 
\\ hilc the disease has hcen found in only a limited number of animals, all of 
them mammals, it can be reproduced expenmcntallv in a large number of species, 
among them all the usual w irm-lilooded laboratory animals, and by practically all 
the known routes of infection Impoitant observations on the experimental aspects 
of the disease aie found in the third chapter In man the disease has been 
observed in a few isolated instances, and its course was mild The peculiarity of 
most of the affected animals that thev die of the disease at night is the subject 
ol a special chaptei The expeiimental tiannnssion of the disease, the characteristic 
posture of the dead animals, which resemble stuffed museum specimens, the scratch 
lesions, the self-inflicted mutilations due to extreme itching, the secondary infec- 
tions, tlie rather insignificant changes in the internal organs, the inflainmatoiy 
lesions in tiie central nervous sjstem and the changes in the urine and blood are 
described in chapter 6 The cause of the disease, a filtiable vims, is present m 
practically all tissues of the bodv and absent from most of the secretions and 
excretions The nature of the viius and its relation to the virus of rabies and of 
herpes arc considered The diagnosis and the treatment, what there is of it, are 
discussed, and good reasons are presented in favor of using the experimental 
forms of the disease for teaching of virus diseases in medical schools An exten- 
sive bibliographj, winch includes thirty publications by the authors, concludes the 
monograph This vvoik ought to be of great interest to veteiinarians and to 
students of vorus diseases 

The Biology of Bacteria An Introduction to General Microbiology 
Second edition Arthur T Henrici, Professor of Bacteriology, University of 
Almnesota Pp xiii -|- 479 and index Price 83 60 Boston D C Heath 
^ Co, 1939 

lhat a second edition of Dr Hennci’s text on general miciobiology should 
appear is in itself a guaranty of merit, that it should appeal so soon aftei publi- 
cation of the first edition indicates not only a continuing growth in the subject 
matter but also a realization that the science of bacteriology can be well seived 
only by making its discoveries and the newer interpretations based thereon available 
to the present day student Textbooks in such an active field must inevitably be 
somewhat behind the frontier, but suiely both the science and the scientist deserve 
a frequent sharpening of their tools This is provided m this treatment of the basic 
phases of bacteriology Individual chapters have been revised, and additional 
chapters have been introduced, to the end that a more complete and a broader 
point of view' may be presented to the student The text meets the purpose 
admirably 

The author is to be commended for acting on the veiy evident fact that today 
no single course in bacteriology can meet all needs, no single author or teacher 
of bacteriology can be competent in all fields and that no single textbook of bac- 
teriology adapted to practical use by the student can treat authoi itatively all phases 
of the subject An introductory course based on this text will provide an excellent 
point of departure for advanced study in many fields 
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Recent AD\A^CES in Forensic Medicine Sidney Smith, MS, FRCP 
DPH, Regius Professor of Forensic Medicine, Umveisitv of Edinbuigh, and 
John Glaister, MD, D Sc , JP, of the Inner Temple, Barnster-at-Law , Regius 
Professor of Forensic Aledicine, University of Glasgow Second edition Cloth 
Pp 264, with 85 illustrations Price S4 50 Philadelphia P Blakiston’s Son & 
Co, 1939 

Collected Papers of the lilwo Clinic and the kLwo Folndation Edited 
bj Richard M Hewitt, B A , M A D Volume XXX, 1938 Cloth Pp 1 065, 

Mith 149 illustrations Price SI 150 Philadelphia and London \V B Saunders 
Company, 1939 

The Harvea Lectures Delivered undei the Auspices of the Harvey Societi 
of New York, 1938-1939 Under the Pationage of the New Yoik Academy of 
Medicine Dr Guy F Marnan, Dr A Ashle} Weech Dr Eugene F du Bois, 
Dr Edwin J Colin, Dr Edwards A Park, Dr K Linderstrdm-Lang, Dr C H 
Danforth, Dr Albert Szent-Gyorgvi Senes XXXIV Cloth Pp 279, with 
illustrations Price S4 Baltimore Williams & Wilkins Company 1939 

Blood Groups in Africa Ronald Elsdon-Dew, 1\I D Publications of the 
South African Institute for Medical Reseaich, Edited bv the Director No XLIV 
(Vol IX, pp 29-94) Paper Johannesburg, South A.frica The South African 
Institute for Medical Research, 1939 


CORRECTION 

In the review by Drs Weil, Gall and M^'ieder entitled “Progress in the Stud} 
of the Typhoid Bacillus,” in the July issue of the Archives (28 71, 1939), refer- 
ence was made on page 78 to a statement bv Drs Delafield and Smith regaiding 
the effect of somatic antigen on the oNy^gen uptake of oigans The June issue of 
the Bittish Jowml of Evpei imental Paihology (20 216, 1939), how'ever, contains 
a later report by these authors, stating that the effect was due to some material 
w’hich w'as present in the trvpsin used in the preparation of the antigen, and not 
to the antigen itself 
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Transposition of the gieat vessels has atti acted attention as “the 
most interesting and puz/hng” of congenital cardiac malformations 
Othei defects, such as persistent foramen ovale, patent ductus arteriosus, 
abnormal aortic arches, may be consideied as mere developmental 
defects, i e , as evidences of the persistence of certain stages m 
embryonic development In tiansposition, however, a ladical departure 
fiom noimal development has appaiently taken place, to the gieat dis- 
advantage of the oiganism Similar arrangements cannot be compatible 
with normal complete development, for at no point m ontogeny are 

From the Departments of Pathology and Pediatrics of the Infants’ Hospital and 
the Children’s Hospital, and Harvard Medical School 
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similar forms definitely seen A number of ingenious hypotheses have 
been advanced in explanation It is the purpose of this paper to offer 
a summary of them Since a complete exposition of the phylogenetic 
theory of Spitzer has never appeared in English literature, his work will 
be examined in greater detail To illustrate this theory, examples from 
the collection in the Children’s Hospital will be cited Excellent accounts 
of the noimal embryology of the heart are readily available, and the 
reader is leferied to them for review (Davis, Monckeberg, 1924, 
Keibel and Mall, 1910) 

GLOSSARY 

There has been considerable variation in the use of many of the terms 
by different writers It is therefore deemed advisable to list definitions 
of the terms as they appear m this paper 

Bnlboatrial ledge The projecting ledge in the primitive heart cavity caused 
by the bulboatrial cleft 

Conus artel wsus The smooth-walled anteromedial portion of the right ventricle 
which gives rise to the pulmonary artery 

Crista siipravenh icularis The thick rounded muscular ridge, averaging 12 to 
15 mm in height, which arches across the roof of the right ventricle from the 
ventricular septum to the anterolateral ventricular wall It lies behind the pulmonary 
artery and in front of the anterior cusp of the tricuspid \alve Between the valve 
and the crista there is a fossa of varying depth This is illustrated m figure 5, 
page 9, of Abbott’s “Atlas of Congenital Cardiac Disease ” 

Detoision The term used by Spitzer to designate a deficiency in the normal 
twisting of the entire heart in an early period of development 

Dexti ocai dia The location of the heart in the right side of the thoracic cavity, 
with the apex pointing toward the right It seems preferable to refer to types of 
dextrocardia as intrinsic or extrinsic, depending on whether the condition is due 
to causes within or to causes outside of the heart This would obviate the 
necessity for the term “dextroversion” as used by Lichtman to designate extrinsic 
dextrocardia 

Dextrovc) sion According to Spitzer, the type of functionally corrected trans- 
position in which the aorta arises left anterior from the left-sided ventricle, and 
the pulmonary artery from the right posterior portion of the right-sided ventricle 
The atrioventricular valves are usually inverted (See case 16 ) The term has 
been used by others to signify an extrinsic congenital dextrocardia (Paltauf, 
Monckeberg) 

Devil opositwn of the aoita The insertion of the aorta to the right of its normal 
position Increasing degrees of dextroposition carry the aorta first to the riding 
position over the interventricular septum, then into the midportion of the right 
lentricle and finally to an anterior position in the same ventricle 

Heart of reptiles The sinus venosus lies on the dorsal wall of the atrium and 
vanes considerably in size in the different species The atria are divided into right 
and left chambers by a complete septum Two atrioventricular orifices are present 
The ventricular cavity is divided by an incomplete septum which runs from the 
ventral wall to the dorsal portion of the right lateral wall The ventricles are 
therefore situated right ventrally and left dorsally Both atria open into the dorsal 
chamber, which gives off two separate aortas The pulmonary artery arises from 
the ventral chamber The dorsal chamber is subdivided by a trabecular formation 
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which runs fioin the back of the first septum to the dorsal wall of the ventricle 
This formation passes between the two aoitas and inseits between the atiial orifices 
In crocodiles it forms a new complete ventricular septum, while the first septum 
undergoes regression to form the Mu’^kcllastc (muscle ledge) of Greil The latter 
separates the puimonarj aitery from tlie right aorta The three great vessels all 
contain bicuspid ^al^cs “It appears tint the ventricular septum in the Crocodilia 
(and in the hearts of birds and mammals) consists of two parts, the one of which, 
the anterior part, icpresents the dnision of the ventricle to effect a separation of the 
outgoing blood, and the other, the posterior part, the division to maintain the 
separation of the incoming atrial blood The former of these parts appears first, 
and apparentlj is that found generaliy throughout the reptiha, while the latter 
remains small and is largely replaced bj the atrio-ventricular valves ” (Walmsley, 
1929) 1 

Injundibnlum Sjnonymous with conus arteriosus 

luvcisiou Also called situs in\crsus in contrast to the normal situs solitus 
The formation of an organ in right left mirroi picture to that of the normal without 
alterations m the anteroposleiioi i elationships 

Modctalot band A trabeculai formation, variable in evtent and form in man, 
which stretches across the low'cr part of the right ventricular cavity from the 
lower third of the ventriculai septum to the anterolateral ventricular wall in 
close relation to the anterior papillary muscle of the tricuspid 

MuskcUastc of Gicil See “Heart of Reptiles” 

Sefiton aorticopidmonalc The poition of the truncus bulbus septum which 
separates the pulmonary artery from the tw'o aortas m reptiles and from the single 
aorta in mammals 

Septum aoiftcum The poition of the truncus bulbus septum which separates 
the left ventricular aorta from the pulmonary artery (and the right ventricular aorta 
in reptiles) 

Sinus of the light vcntiiclc The posterior or inflow portion of the right 
ventricle, which is separated from the infundibular, or outflow, portion by the 
crista supraventricularis and the trabecula septomarginalis This demarcation is 
more clearlj defined in the contracted heart and is shown distinctly in figure 39 ^n 
Tandler’s “Anatomic des Herzens ” 

Tiabccula scptomaigmahs ) The tiabecula septomarginalis is commonly held 

Ti icuspid ledge \ to be identical with the moderator band as defined 

m a foregoing paragraph Spitzer has expressed the belief, however, that the 
structure is a composite made up of the trabecula proper and the apical portion of 
the anterior tricuspid ledge The former, together with the crista supra- 
ventricularis, forms the inferior aorticopulmonary septum (crista aorticopul- 
monahs) Originally the structure had the function of separating the pulmonary 
artery from the right ventricular aorta and is therefore homologous to the 
Muskelleiste of Greil The second part, the apical portion of the anterior tricuspid 
ledge, comprises the anterior papillary muscle of the tricuspid valve, the medial 
muscle of Lancisi and the posterior portion of the moderator band between these 
structures Because of the obliteration of the right ventricular aorta, the apical 
portion of the tricuspid ledge has become fused to the posterior border of the 
trabecula proper 

1 Several definitions (e g , those of ensta supraventricularis and moderator 
band) follow closely those given by Walmslev in Quain’s “Elements of Anatomy ” 
See bibliography, under “general references ” 
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The superior, or basal, portion of the anterior tricuspid ledge is composed of 
the anterior attachment of the tricuspid ring and the anterior leaflet with its 
chordae It is separated from the crista supraventncularis by the niche which 
marks the site of the obliterated right ventricular aorta The fusion of the 
tricuspid ledge and the crista supraventncularis to form the composite trabecula 
septomargmalis forms the Y-shaped ledge on the interventricular septum, referred 
to b> Humphreys The medial and posterior tricuspid leaflets ivith their chordae, 
papillarj muscles and basal attachments are derivatives of the posterior tricuspid 
ledge 

Tiausposihon Abbott, in Osier’s “Modern Medicine," has defined transposi- 
tion as “an alteration in the position of the two great vessels relative to the ven- 
tricles of the heart, or to each other at their origin, so that they either spring 
from reversed ventricles, the aorta from the right, and the pulmonary artery from 
the left chamber (complete transposition), or from the ventricle to which the\ 
normally belong, but in reversed relationship (corrected transposition) ” In certain 
cases, ho\ve\er, the definition of complete transposition must be supplemented by 
the words aiiA an alfet afion m the antci opostei ioi i elationships of the gi eat vessels, 
ciiltei at the ventucula) mseitwn 01 in thetr spiialmg Otherwise cases of pure 
inversion could be referred to as transposition, e g , the position of the great 
vessels in complete situs inversus of the entire body Fuithermore, the term 
“ventricle to which they normally belong’’ may refer, in the case of the pulmonary 
artery, either to the tricuspid-bearmg chamber, or the right-sided chamber regard- 
less of structure, or to the systemic venous ventricle Since these meanings may 
connote different ventricles m the same heart, it appears advisable to use the 
term “corrected” in a functional sense only Thus a corrected transposition w'ould 
be one in which the pulmonary artery arose from the v'entncle receiving the 
svstemic venous blood and the aorta from that receiving oxygenated pulmonary 
blood 

HISTORICAL INTRODUCTION 

The first description of a senes of cardiac abnormalities was given 
by Senac in 1749 His efforts to explain then pathogenesis weie futile, 
and he refers to them as the manifestations of an “intelligence forma- 
trice ’’ In 1812 Meckel sought to explain various anomalies on an 
embryologic basis and came to the conclusion that they were lieinmungs' 
hilden (failures of development at an embryologic stage) 

Two years latei Fane, a clinician, discussed the various forms of 
congenital heart disease m brilliant fashion Fie classified them physio- 
logically into defects causing mingling of the blood and defects causing 
impediment to the ciiculation He also called attention to the frequent 
occurrence of the triad of pulmonic stenosis, oveniding aorta and 
mten’^entiicular septal defect It is interesting to note that Farre 
defended his departure to the field of pathology by stating that onl> 
from the pathologic basis could the picture of congenital heart disease 
be undei stood The wisdom of this statement has been amply demon- 
strated by the fundamental work of Abbott, who in this mannei was 
successful in bunging order and comprehension into the chaotic field 
of cardiac anomalies In 1837 Kurschner stated that transposition 
occurred because of failure m the spiiahng of the great v’^essels and 
incoirect fusion of the septums of the ventricle and the ti uncus Meyer 
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came to the same conclusion m 1857, aftei studying a case of complete 
transposition “Embiyolog} furnishes an easy means of explaining the 
tianspositions fiom faulty development, that is, fiom an arrested 
de\elopment of the gicat vessels in an embi}ological stage m which 
the spiral toision of the \essels had not yet taken place” No othei 
comment is made 

The best eail} work on the subject in English w^as published by 
Peacock in 1858 ]-Iis classification was similar to that of Meckel 
Defects w'Cie aiianged accoidmg to the points of time in intrauterine 
life at wdnch ariest m de\elopmcnt w'^as assumed to have taken place 
Peacock was W'cll m adiance of his time and his wmik still lemains an 
excellent source of clinical and pathologic material He lecogmzed, 
w'lth Fane, the fiequent occuiicnce of the combination of pulmonary 
stenosis, oveinding aorta and \entricular septal defect He pointed out 
the long duration of hte m this condition and demonstrated that in this 
triad the patency of tlie foiamen o\ale and the \entnculai septum 
allow'ed life to continue foi longei peiiods In legaid to complete 
tiansposition he stated “ cases of this kind aftord examples of 
complex deviations consisting paid} m aiiest of giowth at early periods 
of fetal life, and paitly m iiiegulaiity m the evolution of the mam 
arteiies, the aoita and pulmonai} aiteiies, fiom the single arterial trunk 
and the bianchial arches ” Vcr} sinewed w^eie his comments concerning 
compaiatne anatomy Pie stated that the usual intei ventricular septal 
defect betw'een the subaoitic region of the left ventiicle and the sinus 
of the right ventiicle was homologous w'lth the foramen betw^een the two 
aoitic ventiicles of the turtle This view*' w'as upheld in 1922 by Abbott 
and Shanly, ivho show'ed that a defect between the left ventricle and the 
right ventricular sinus was compaiable to the interventricular foramen 
betw^een the left and right halves of the doisal ventricle of the turtle 
Finally Peacock foreshadowed the work of Spitzer in the statement that 
“the sinus and infundibular portions of the light ventiicle m man are 
the analogues of the right systemic and pulmonic ventricles of the turtle ” 
“In the foimei case” (of transposition m which both the aoita and the 
pulmonai y aitery arise from the right ventricle) “the analogy to the 
form of the heart in the Chelonia is most decided, the aorta arising 
from the one cavity — the sinus of the ventricle — and the pulmonary 
aitery aiismg from the other — the infundibular portion oi conus 
arteriosus ” In ceitam cases of transposition (see fig 6, type 4, page 453) 
he noted that the connection of both atria with the left ventricle might 
be ascribed to the right ventricle having been completely divided by a 
septum at the point of union between the sinus and infundibular por- 
tions This assumes regression of the true intei ventricular septum 
These observations, made seventy-five yeais ago, are essentially in 
accord with the recent theory of Spitzei 
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Later wiiters, up to the time of Rokitansky, busied themselves with 
describing malformations and discussing the theories concerning the 
origin of the combination of inten^entncular septal defects, pulmonary 
stenosis and oveinding aorta Morgagni, m 1761, had suggested that 
primary pulmonary stenosis might hinder the blood flow from the right 
ventiicle and thus cause the other defects (obstruction or Statmng 
theory) Meckel held, however, that the mterventi icular defect was 
primary and that the pulmonic stenosis resulted fiom insufficient blood 
flow (which we shall call prepulmonic deAoation of blood) Heme, in 
1861, came to the conclusion that primar}^ deviation of the ventricular 
septum to the left caused overiidmg of the aoita, persistence of the 
septal defect and finally pulmonic stenosis (through prepulmomc devia- 
tion) Halbertsma decided on coincidental primary movement of the 
truncus septum to the light and of the venti icular septum to the left, 
so that both pulmonary stenosis and overriding by the aorta arose 
simultaneously 

In 1865 Kussmaul reviewed all previous theories and stated that the 
growth of the venti icular septum must take place before the growth 
of the truncus septum and the spiraling of the aorta and pulmonary 
arteries Both vessels oiiginate from the ascending limb of the primitive 
ventriculai loop which is continued into the common ti uncus and which 
later forms the right ventiicle The overfilling of the right ventricle 
by blood coming through a primaiy ventricular defect would cause 
deviation of the ventriculai septum to the left and make union with the 
truncus septum impossible In this manner the aorta would come to the 
overriding position with its lumen in relation to both ventricles 

THEORY OF ROKITANSKY 

Such was the status of knowledge of congenital heart disease when 
Rokitansky, in 1875, published the “Defecte der Scheidewande des 
Herzens ” In this work a compiehensive scheme of pathogenesis of 
cardiac anomalies is based directly on embryologic studies Only that 
poition which conceins abnoimalities in the position of the great vessels 
will be discussed here “ 

Rokitansky postulated that the normal truncus septum begins as a 
swelling in the left posterior portion of the primitive truncus This 
swelling grows toward the right anterior portion in a curved fashion, 
with the convexity normally directed anteriorly Rokitansky believed 
that the curvature determined the nature and position of the vessels, the 
aorta being always on the concave side and the pulmonary artery alwa 3 '’s 
on the convex Thus the normal aorta was thought to be in the right 
posterior position, and the pulmonary artery in the left anterior position, 
at the insertion into the ventricles The septum ventriculorum arises 

2 Excellent discussions of the entire theory of Rokitansky are to be found 
in the works of Assmus, Herxheimer and Rauchfuss 
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to the left of the common tumcus, so that both vessels at first open 
into the right ^cntllcle A defect in the anteiioi poition of the ventncu- 
lai septum, howevei, aftords an opening foi the aorta into the left 
ventiicle The aoita is soon tiansfciied completely into the left ventricle 
by the giowth of the light side of the ventiiciilar septum around the 
light base of the aorta toward the concave infetioi edge of the truncus 
septum and by the fusion of these sepitims with the light end of the 
cndocaidial cushions of the atiio\entriculai canal 

Rokitansky postulated, on teratologic giounds, that the form of the 
\entricle depends on the position of the lentiiculai septum The ^ent^lcle 
on that side from which the septum ventriculoium takes origin will be 
ai ranged as the normal left ventiicle with a bicuspid valve, while the 
other will ha\e the conus aiteiiosus, heavy ti abeculation and tiicuspid 
vahe chaiacteristic of the noimal light \entiicle To explain why 
the ti uncus and ventnculai septums de\elop normally from the left 
side, Rokitansky hazaided the guess that they weie influenced by the 
origin of the descending aorta and ductus aiteriosus (normally on the 
left side) 

It IS to be noted that Rokitansla saw^ no leason foi assuming a 
close con elation between the spiraling of the gieat vessels and the 
dnection of the low^ei truncus septum On that account he consideied 
only the lower end of the truncus m his theoiy of the origin of trans- 
position The stress thus laid on the faulty anlage and development 
of the truncus septum constitutes, accoiding to Monckeberg, one of 
Rokitanslcy’s most impoitant contnbutions 

On this conception of embij^onic development is based his explana- 
tion of cardiac malformations The ti uncus septum may assume any 
position in the lower ti uncus The septum ventnculorum may there- 
fore vary in its inception either from the light or from the left This 
gives eight possible variations in the Rokitansky scheme, doubled by the 
assumption that the septum may have the concavity reversed (See 
fig 1 ) Note that in series A 3 to S and senes B 5 to ^ the septum 
takes origin fiom the right, so that the chaiactei of the ventricles is 
transposed Series A represents “collected tiansposition” since the 
aorta arises from the left ventricle and the pulmonary artery aiises from 
the right ventricle as normally Scheme B represents tiansposition 
(uncorrected) in situs sohtus The “collect” {gehouge) ventricle for 
Rokitansky m situs sohtus was the left for the aoita and the light 
for the pulmonary artery — even though that left ventiicle might on 
occasion have a tricuspid valve (as in series A 5 to 5) Furthermore, 
because isolated inversion of the atria was then unknown, Rokitansky’s 
corrected anatomic transposition was also coirected functionally 

For cases of pulmonic and aortic stenosis Rokitansky postulated 
an eccentric position of the truncus septum The diagram is self- 
explanatory (fig 1, senes D) 
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SERIES A 


SERIES B 



SERIES C 
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SERIES D 



Fig 1 — Senes A illustrates the various forms of corrected transposition and 
series B the forms of uncorrected transposition (both after Rokitansky) The 
left hand column of each senes shows the position of the truncus septum in the 
undivided truncus arteriosus The rounded end represents the point of origin of 
the septum The right hand column of each series shows the condition of the 
inter\ entncular septum after the separation of the great trunks The rounded 
end corresponds in position with the point of origin of the truncus septum The 
hooked end represents the membranous portion of the septum The structures are 
viewed from above and anteriorly Diagram A1 shows the normal condition Ao 
indicates the aorta and Pa the pulmonary artery 

Series C illustrates the normal sp raling of the truncus septum The truncus 
has been sectioned at various levels from the point of origin of the sixth branchial 
arch above to the lev'el of the insertion of the great vessels into the ventricles 
below 

Series D illustrates the origin of pulmonary stenosis in an eccentric position of 
the truncus septum as postulated by Rokitansky 
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MODIFICATIONS or THE TIIEOKY OF ROKITANSKY 
The weaknesses inheient in the Rokitansky theory were quickly dis- 
coveied, and levisions weie made Born showed that the normal posi- 
tion of the aorta is left posteiioi, and that that of the pulmonaiy arteiy 
is right anterior, at the ventiiculai mseition It was discovered that the 
truncus septum aiises from the giowth of two opposing pairs of swell- 
.mgs (distal bulbai sw'elhngs I and III and pioximal bulbar swellings 
a and b) Lochtc pointed out that the determination of the vessel 
destined to be the aoita oi the pulmonaiy artery depends not on the con- 
cavit}' of the ti uncus septum but on the position of the vessels at the 
division of the truncus into the sixth branchial arch and the spiral form 
of the truncus septum Aschoff showed that the aoita is normally 
directl) anterior, and the pulmonaij'^ aitery directly posterior, at the 
leiel of the distal poition of the ti uncus It is then clear that in 
Older to leach the Born position at the ventiicles, the truncus septum 
must undergo a clockwuse spiial of 225 degiees toward the heart (fig 1, 
series C) When the sepaiation of the vessels is completed, the normal 
twisting of the pulmonaiy artei} aiound the aorta is evolved Trans- 
position may then be explained by a deficient degree of spiraling If 
this IS limited to 45 degrees, the vessels are transposed, and the aorta 
arises in right anterior, and the pulmonary artery in left postenoi, posi- 
tion In situs inveisus a counterclockwise torsion normally talces place, 
and limitation of this to 45 degiees will cause the oiigin of the aorta to 
be placed in the left anteiioi portion, i e , in the position of transposition 
in situs inversus These are the two basic foims of ti ansposition 
Other hypotiieses have been formulated to account for certain forms 
of transposition Lewis and Abbott studied a heart in which a large 
ventrally placed aorta emerged fiom a small, imperfectly separated 
portion of the ventricle and ciossed in front of the pulmonary artery 
The latter arose posteiioily, in the position of a noimal aorta, from 
the main portion of the ventricle The lemaindei of the heart was 
essentially normal Lewis and Abbott concluded that a bending of the 
oiiginal cardiac tube to the left, instead of to the right, brought the 
great vessels into an apparently leversed relationship The anterior 
aorta was then displaced to the right to join the right ventricle 

Many years befoie, Keith had postulated a similar occurience of a 
reversed bend of the ventricular loop to account for transposition, but 
Stokes had objected that in such an event there should be an antero- 
posterior interchange of the aorta and pulmonary arterj'^ Since this is 
not always tiue, Stokes then assumed that the anomaly arose because 
of faulty spiraling of the truncus septum In the case of Abbott and 
Lewis there is an actual anteroposterior interchange of the great vessels, 
but It is difficult to understand hoiv a reversed bend of the cardiac 
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tube can affect only the trunks and allow the remaindei of the heart to 
form noimally One would logically expect the aichitectuie of the 
■\entricles to be inverted 

CORRECTED TRANSPOSITION 

In 1894 Lochte pointed out that the position of the great A^essels in 
collected tiansposition in situs sohtus is identical with that in ordinal y 
tiansposition in situs inversus (aorta left anterior and pulmonary arter} 
light posteiior) Likewise the position in coriected transposition in situs 
inveisus is the same as that in the usual transposition in situs sohtus 
Lochte therefore believed that an inversion of the bulbo ventricular loop 
coupled with the usual t^pe of transposition was the cause of corrected 
tiansposition A corrected transposition in situs sohtus should there- 
foie show situs sohtus of the atria, situs inversus of the bulboventiiculai 
loop inveision of the atrioventricular orifices and limitation of the 
counterclockwise (inverted) torsion of the truncus septum to 45 degrees 

Geipel, however, strongly opposed this conception, returning to the 
piinciples of Rokitansky and to one of Lochte’s eailier postulates A 
bending of the original cardiac loop (normally to the right) in the 
opposite direction would place the descending portion on the right and 
the ascending part on the left The ascending, or truncus, portion would 
thus be taken from the right into the future left ventricle Finally 
the posterior lessel, the pulmonary arteiy m this event, would be 
tiansf erred from the left to the right ventricle Normally the postenoi 
vessel IS the aorta, and it is transferred fiom the nght to the left 
ventricle (see page 433) It is with the direction of this transfer that 
Geipel coi related the formation of the atrioventricular valves, the mitral 
valve always arising on the side to which the transfer of the postenoi 
lessel IS made In corrected transposition, therefore, according to 
Geipel, the mitral valve should be in the light ventricle He opposed 
Lochte’s assumption of a true situs inveisus of the ventricles on the 
giounds that in corrected transposition in situs sohtus the left sixth 
branchial aich forms the ductus arteriosus as usual, the position of the 
coionary arteries is normal, and the outei musculai layer of the heart 
letains the normal structure Geipel, howevei, was in eiroi m the 
thiee objections It has since been shown that either the left oi the 
light sixth aich may form the ductus arteriosus Spitzei in 1923 
demonstiated that the coronary arteries may be transposed legardless of 
the situs of the ventiicles, and Taussig showed that only the two innei 
muscular coats of the heait are reversed in true complete situs inversus 
The direction of the outer layer remains as in situs sohtus Further- 
11101 e Monckeberg demonstrated an actual inveision of the ventiicles 
111 ceitain cases of corrected transposition by showing that the character 
of the atrio\ entncular bundles was interchanged Lochte’s assumption 



HARRIS-PARBLR— CARDIAC VESSELS 


437 


o{ an niAeision of the bulboventuculai loop in coriected transposition 
IS accordingly correct 

Geipcl classified the types of transposition as follows 

A Pine tiansposition 

1 Situs solitus I ^ 

2 Situs tiansicisus ‘ YIII 

3 Situs solitus and transposition of the ventricles II 

4 Situs transvei sus and transposition of the ventricles VII 

B Collected tiansposition 

1 Situs solitus III 

2 Situs tiansversus ‘ VI 

3 Situs solitus and transposition of the ventricles IV 

4 Situs tiansieisus ' and tiansposition of the ventiicles V 

It will be noticed that neithei Lochte’s nor Geipel’s theories can 
explain the laie cases of A 3 and 4 and B 1 and 2 Lochte stated that 
theie ma} haie been eriois in the obseivations in the reported cases, 
uhile Geipel legarded them as meiel} “inexplicable variations of natuie 
not to be contained in a cold scheme ” Monckeberg, however, explained 
these b} a clockwise oi a counteiciockMise spiral of the ti uncus septum 
— m other woids, by the possibility of an isolated situs solitus oi situs 
mveisus of the ti uncus segment of the heart For example, in type B 1, 
he assumed a situs solitus of all of the heart save the truncus segment, 
the septum of which undergoes a countei clockwise toision of 45 degrees 
Spitzer expiessed the belief that isolated inversions of any poition of 
the heart may occui (in the bulbar, lentiicular or sinoatrial legions) 
Any one of these ma} be combined with a transposition and thus give 
use to corrected transposition, eithei functional oi anatomic 

The case reported by Walmsley may be cited as an example of 
isolated inversion The heart showed coirected tiansposition of the 
arterial stems The aorta arose left anteriorly and the pulmonary artery 
light posteriory Inversion of the ventricles and situs solitus of the 
atria weie present Walmsley stated that a true inversion of the 
ventricles with a 180 degree counterclockwise spiral of the proximal 
portions of the great vessels had occuried, and that this spiral was 
partially canceled by a 90 degree clockwise spiral of the upper part of the 
unmveited ti uncus septum ' Other cases are seen m which a total 

3 The Roman numerals m the classification refer to the diagrams in figure 2 

4 This term corresponds to “situs inversus ” 

5 The summation of these two spirals would be a 90 degree counterclock- 
wise twisting of the great vessels In consideration of the variety of types (A 3, 
A 4, B 1 and B 2) in which the situs of the bulbus and ventricles differ, it seems 
more probable that a situs inversus of the bulboventncular loop coupled with a 
limitation of the counterclockwise spiral to 90 degrees gave rise to the condition 
found 
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inversion of the body and atria is coupled with the sohtus position of 
the ventricles 

INVERSION 

Monckeberg and Spitzer pointed out that inversion is the result 
of a mirror picture anlage and has little to do with instances of trans- 
position in which the defect piobably appears later in the couise of 
development The heait m complete situs inversus is a mirror picture 
of the 1101 mal One of the manifestations of transposition is a dis- 
tui bailee in the anteroposterioi relationships of the gieat vessels, the 
aoita usually assuming a more anterior position either in the left or 
in the right ventricle Thus, in conected transposition, regardless of 
the presence or absence of inversion, the transposition is definitely 


2 3 4 



Fig 2 — Diagrams illustiating the various types of complete transposition ot 
the great vessels A indicates the aoita, P, the pulmonary artery, PV, the pul- 
monary veins, and VC, the vena cava The triangle represents the tricuspid valve, 
and the ellipse represents the bicuspid valve 

According to the nomenclature of Spitzer 1 is pure crossed transposition in 
situs sohtus, 2, crossed transposition with ventricular inversion, 3, crossed trans- 
position with bulbus inversion , 4, crossed transposition with ventricular and bulbar 
inversion , 5, crossed transposition with sinoatrial inversion , 6, crossed transposition 
with sinoatrial and ventricular inversion, 7, crossed transposition with sinoatrial 
and bulbar inversion, and 8, inverse crossed transposition 

According to the nomenclature of Monckeberg 1 is pure transposition without 
ventricular transposition (situs sohtus) , 2, pure transposition with ventricular 
transposition in situs sohtus, 3, corrected transposition without ventricular trans- 
position in situs sohtus , 4, corrected transposition with ventricular transposition in 
situs sohtus, 5, corrected transposition with ventricular transposition m situs 
inversus, 6, corrected transposition without ventricular transposition in situs 
inversus, 7, pure transposition with ventricular transposition in situs inversus, and 
8, pure transposition without ventricular transposition in situs inversus 
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eslabhshed by the aiuciiui shift of the aoita, and the posterior shift 
of the pulmonaiy aiteiy, in lelation to the ventiicles Nevertheless, 
although inreision and tiaiisposition appear to be distinct and individual 
disturbances, the fiequency of the combination of partial inversion and 
transposition (called dextioveision by Spitzei) is very much gi eater 
than would be expected ° Othei puzzling aspects arise the essential 
nature of an inversion, the mode of origin and the manner in which 
an imeited portion of the heait joins with the noimally developed 
parts Intel estmg light is tin own on the subject by the work of 
Stohr, who demonstrated noimal de\cIopment of the amphibian heart 
both wdien tiansplanted and wdien turned 180 degrees about the trans- 
verse axis To considei these questions, however, is not rvithin the 
scope of this paper 

Pernkopf and Wirtinger recently pioposed a theory of the cause of 
tiansposition founded on the concept of inversion In 1933 they 
repotted an exhaustne study of normal cardiac development based on 
the assumption that the doisal mesocardium maiks, at all times, the 
original longitudinal axis of the piimitive cardiac tube (isogonal 
diameter) This fixed position serves as a guide to the torsions which 
take place during cardiac development They also determined the 
roles of the two halves (antuneres) of the original tube through a 
study of the stage wdien complete fusion had not as yet taken place 

From their study Pernkopf and Wirtinger concluded that the septal 
formations arise in a spiral form Theie is a 180 degree counter- 
clockwuse tuin of the septal anlage in the sinoatiial region A clock- 
wnse turn of 180 degrees is present m the ventiicular portion, and 
anothei ISO degree clockwnse rotation is present m the bulbar region 
The total spiral of the septal anlage is 180 degiees, and the systemic 
and pulmonic circuits therefore cross — allowing systemic venous blood 
to enter the pulmonaiy aiteries and oxygenated blood to pass out 
Ihiough the aorta To these spiials aie added the movements of the 
cardiac tube during two phases of development ' Biiefly, the first 
phase consists of a clockwise twist of the atrial portion of the primitive 
tube The torsion reaches its maximum of 90 degiees at the site of the 
future atrioventricular junction At the same time the bulbai portion 
undergoes a counterclockwise lotation of 90 degrees which reaches its 
peak at the region of the bulboventncular junction Since the tube is 

6 In fact, only a single case has been reported in which partial situs inversus 
of the bulboventncular portion with situs solitus of the atria has not been accom- 
panied by transposition of the great vessels (Ratner, B , Abbott, M E , and Beattie, 
W W Am J Dis Child 22 508, 1921) 

7 Although the appearance of the septums actually occurs after completion 
of the first phase, it has been described first for easier comprehension 
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fixed at both ends, the middle oi ventiicular portion must show a total 
lotation of 180 degiees in a counterclockwise direction In the second 
phase, a counterclockwise tivist of 150 degrees occuis at the bulbo- 
tiuncal legion and a 45 degiee diminution of the phase I torsion at 
the lentiiculobulbar junction takes place The final form of the heart 
is thus evolved 

Table 1, which is taken from Peinkopf and Wirtingei, shows the 
form of the septums and the torsions of the cardiac wall in the phases 
of deielopment 

Seveial impoitant points are apparent in table 1 Fust, the crossing 
over of the pulmonic and systemic circuits is seen to lesult only from 
the inherent spiraling of the septum and not from any hydrodynamic 
factors Second, the total effect of any torSion of the cardiac tube 
must always be zero, since the tube is fixed at both ends For the same 
reason, the total spiral of the normal septums must always be 180 degrees 

Table 1 — Form of the Septums and Toisions of the Cardtac Wall m Phase! 

of Hcait Development 



Original 


Form of 


Final 


Form of the 

Phase 1 

Septums 

Phase 2 

Form 


Cardiac 

Movement of 

After 

Movement of 

of the 

Segment of Heart 

Septums 

Cardiac Wall 

Phase 1 

Cardiac Wall 

Septums 

Truncus 

0° 

0 

0 

+150' 

+160' 

Bulbus 

+1S0° 

+ 90 

+270 

— 150°-45' 

+ 76' 

Ventnoular 

+180“ 

—180* 

0 

+ 45' 

+ 45' 

Sinoatrial 

—ISO 

+ 90 

— 90' 

0' 

— 90' 

Total 

+180° 

0” 

+1S0 

0' 

+1S0' 


m a clockwise direction Third, any variation in the movements of 
the cardiac wall may change the form of the heait but cannot alter 
the ciossing over of the two circuits The latter function resides 
solely in the spiral nature of the septal anlage 

On these foundations Pernkopf and Wirtingei erected their theory 
of paitial inversion as the cause of transposition Since each cardiac 
segment originally contains a 180 degree spiraled poition of the septum, 
the complete inversion of any segment will not alter the crossing over 
of the pulmonic and systemic circuits (obviously it makes little differ- 
ence whether the blood takes a clockwise or a counterclockwise turn 
m any segment as long as the total of 180 degrees is achieved) On 
the othei hand, failure of the septum in any segment of the heart 
to show a spiral would result in complete separation of the two circuits 
such as exists m the usual form of transposition The blood would 
then take a straight or 360 degree spiraled course to return to the 
same circuit it left Pernkopf and Wirtinger noted that the possibility of 
partial inversion arises in each of the three segments because the septum 
reaches the anterior and posterior walls in the midportion of each sec- 
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lion ({oiiiimg points of bilatcial S}mnietiy) They explained the usual 
tiansposition as the lesult of partial inveision of the septal anlage in the 
bulbai legion They assumed that the pioximal portion of the bulbai 
septal anlagc in this condition shows a clockwise turn of 90 degrees 
while the distal poition shows a counterclockwise (inverted) twist of 
90 degiecs The total spiial m that segment is therefore zeio Since 
the remaindei of the heait is noimal, the total spiial of the entiie 
septum IS also zero, and the pulmonaiy and systemic circuits do not 
cross Pernkopf and \\'’ntingei assumed that similai partially inverted 
“septa transponans” ma} arise m the othei cardiac segments and thus 
give rise to the \aiious foims of collected tiansposition as shown in 
table 2 


Tabie 2 — Eoim of Septum AuJage j« Vat tons Types of Complete Ti ansposiUon 
(Accotdmq to Pcrnlopf and Wtrhngcr) 



Crossed 

Transposition 

Functionaliy 

Corrected 

Transposition 

runetionally 
and Anatomi 
cally Corrected 
Transposition 

Anatomically 

Corrected 

Transposition 


In Situs 
soiltus 

In Situs 
In\ ersus 

In Situs 
Solitus 

In Situs 
Inversus 

In Situs 
Solitus 

In Situs 
Inversus 
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Solitus 
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Inversus 
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Through the close relationship of total and partial inversion, Pern- 
kopf and Wntingei explained the frequent occurrence of the combi- 
nation of inversion and corrected transposition They also stated that 
the wvat table presence of transposition in hearts showing a different 
situs of the atria and ventricles is strong confirmation of the hypothesis 
that partial inversion is the cause of transposition (Pernkopf and 
Wirtinger, 1935) The previously cited case of Ratner, Abbott and 
Beattie, however, shows the combination of situs inversus of the bulbo- 
ventricular loop and situs solitus of the^atria without the presence of 
transposition of the great vessels 

Recently, Lev and Saphir criticized the theory of Pernkopf and 
Wirtinger on the ground that it is difficult to conceive of cardiac develop- 
ment without the influence of irritative hydiodynamic factors While 
discarding the idea of an inherent spiraled nature of the septum forma- 
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tion, they retained the concept of the mo\ements of the cardiac wall 
during ontogenesis After a careful study of 6 cases of transposition, 
they advanced the theory that the fundamental disturbance in cases of 
transportation is faulty absoiption of the bulbus Normally, according 
to Pernkopf and Wirtingei, there is a 270 degree clockwise spiral of 
the bulbar septum after the completion of phase I In an attempt to 
undo this excessive spiral there is noimally a 150 degiee toision at the 
ostium bulbotruncare, with a back torsion of 45 degrees at the ostium 
ventriculobulbare These torsions aie intimately associated with absoip- 
tion of the bulbus Lev and Saphir assumed that if this absorption 
cannot proceed normally, the excessive bulbar torsion may be overcome 
abnormally by increased back torsion at the ostium ventriculobulbai e 
togethei with decreased toision at the ostium bulbotruncai e In this 
manner, that portion destined to become the aorta will be shifted from 
its normal position ovei the left ventricle to a position over the light 
ventricle, and a transposition will result 

EARLY PHYLOGENETIC THEORIES 

The study of phylogeny has gradually thrown light on the causes 
of transposition Keith, studying the fate of the bulbus cordis through 
phylogeny, assumed that originally the pulmonary arteiy led into the 
left side of the bulbus and the aoita into the light He postulated that 
a noimal expansion of the left side of the bulbus foimed the conus 
and pushed this structure anteriorly to the light to join the right 
ventiicle The usual atrophy of the light side of the bulbus bi ought 
the aortic orifice backward and to the left Keith argued that these 
changes were reversed in transposition, i e , that the left side failed to 
expand sufficiently to bring the pulmonaiy aitery to the right ventricle 
Keith himself, however, remarked on the fiequency with which pul- 
monary stenosis occurred m transposition (when the left side failed to 
expand) He wondered why subaortic stenosis did not occui moie 
frequently when the right side of the bulbus atrophied as it was postu- 
lated to do under normal conditions The theory has been discarded as 
incorrect, mainly because the original positions of the vessels as 
assumed by Keith could not be verified 

The work of Robertson on the development of the bulbar valves 
m dipnoan fishes was an important advance She recognized that “the 
phenomenon, therefore, of the twisting of the great vessels must be 
indissolubly linked with the ^gradual development of a complete pul- 
monary respiration, and therefore also with the development of a com- 
pletely four-chambered heart ” She attempted to elucidate the “difficulty 
in explaining so marked a rotation of the arterial end of the heart 
without there being any evidence of similar rotation (but m an 

opposite direction) of the venous end of the organ” by demonstrating 
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that lengthening and kinking of tlie bulbiis in dipnoan fishes can cause 
foiination of a spiral vahe from the stiaight ridges that aie seen in the 
Elasmobianchn Incidcntalh , she also leananged Rokitansky’s series, 
after pointing out that A 1 to 4 weie mnioi images of B 8 to 5 and like- 
•\\ ise that A 5 to 8 weie minor images of B 4 to 1 The former could be 
explained by inci eased clockwise spiraling of the bulbus septum in situs 
sohtus (A 1 to 4) 01 increased countei clockwise spiraling in situs 
inveisus (B 8 to 5) and the latter by deficient spnaling again either in 
sohtus (B 4 to 1) or inveisus (A 5 to 8) (See fig 1 ) 

pinLOonxEaic theory of spitzer 

The impoitance of phylogeny in relation to caidiac malformations 
became mcieasingly manifest in the works of Robertson and Keith 
After Grcil and Langei had made their exhaustive embiyologic and 
compaiatne anatomic studies of reptiles and birds,® the time was ripe 
foi a ph}logenetic theory of caidiac development In 1919 and 1921 
Spitzei correlated these findings in a compi ehensive theory based on the 
circulaloi}'' demands of pulmonary lespnation and terrestrial life work- 
ing through a phylogenetic senes He postulated that the foimahon of 
the septwns in the hcatf aie teleologically conditioned, phylo genetically 
hi ought about and mechanically achieved by the appeal ance and develop- 
ment of the lungs thiongh phylogeny The greater metabolic require- 
ments of both pulmonary and systemic ciicuits demand that the force 
of the heart be brought duectly into these circuits instead of in tandem 
form, such as exists in the fishes Moreover, the gradually increasing 
circulation brings about the division of the heait through forces inherent 
in the blood stream 

Beneke was the fiist to point out some of these forces He assumed 
that the whorls set up when a stieam passes by a constricted portion 
may cause the formation of valves through a pull on the immediately 
distal portion More lecently Bremer analyzed the influence of the two 
streams coming to the heart thiough the venous sinuses and showed 
that the spiraling which occurs may explain a good deal of the torsion 
and septum formation Spitzer divided the forces of the blood stream 
into the continuous hydraulic component, the pressure of a pulsating 
stream and the effects incident to increasing volume of circulation 
These forces act even before the onset of pulmonary respiration but are 
greatly strengthened when the latter makes its appearance At first these 
forces tend to stretch the original cardiac tube in all directions Widen- 
ing takes place, but since the tube is fixed at both ends, a longitudinal 
pull IS exerted through the walls This pull tends to draw the dividing 

8 See Hochstetter for a discussion of the development of the hearts of various 
vertebrates 
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partitions between the mam caidiac vessels and their proximal blanches 
nearer the heart, while the pressure of the two streams on each side 
excites such partitions to giowth In this manner Spitzer explained 
the gradual progiession of the pulmonary arteries and veins toward the 
heart and the shoitening of the truncus arteriosus through phylogeny 
Gieil also took these forces into considei ation and asciibed the essential 
and primary means of the foimation of the bulbar septum to this 
centripetal movement of the partitions between the vessels 

Growth and muscular invasion of the region of the future ventricle 
take place eaily m development Contraction of this portion of the healt 
tube foices the blood into the immediately distal segment and distends 
It to form the bulbus Meanwhile the momentary stagnation during 
systole widens the tube in its proximal poition and forms the atria and 
sinus venosus The endocardium at the narrow junctions between these 
cavities IS thrown into folds by the longitudinal pull associated with the 
widening (“much as a cloth is thrown into folds when a pull is 
exerted”) The continuation of the forces leads next to lengthening of 
the tube as well as to further dilatation, and a loop must form since the 
heart is fixed at both ends In this manner the hearts of the higher 
fishes are formed 

With the advent of pulmonary lespii ation m phylogeny, a very much 
greater volume of blood must pass through the heait Bending alone 
becomes inadequate to compensate for the lengthening tendency, and 
torsion must take place The original right bend initiates the torsion to 
the right, and the bulbar elements aie thiown into a clockwise spiral 
Since the heart is fixed at both ends, detorsion must take place and 
a counterclockwise spiial must be present at the opposite or venous end 

According to Spitzer, this is the most important stage in cardiac 
development WAhout it no advance coidd take place^ with faulty 
degiees of toision the most bizmie anomalies lesnlt The concept of 
toision recuis repeatedly through Spitzer’s hypothesis, and its impoi- 
tance cannot be underestimated The septum formation must not only 
separate the pulmonary and systemic circuits but also cross the circuits 
so that systemic venous blood enters the pulmonai}' artery and oxj^gen- 
ated blood passes out through the aorta A straight septum could only 
cause the circuits to exist side by side as in cases of complete trans- 
position* Torsion conditions the necessary spiral at the arterial end and 
thus permits the ciossmg ovei of the circuits In order that the 
countertorsion may not undo this efifect, the countertorsion must take 
place peiipheial to the entrance of the pulmonary veins Furtheimore, 
It IS through the torsion that the course of the longitudinal folds, along 
vhich the blood flows easily, is directed more or less into the curient 
The forces residing in the blood stream may then work on the folds, 
stimulate them to grow and cause them to develop into septums 
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An examination of the foimation of the atiia may serve to make this 
deal Since the pulmonai\ vein enteis the heart central to the vena 
car a, the portions of the heait which foim the left and right atria must 
first be placed in tandem foimation The septum piimuin, as the 
dividing partition bet\\een the pulmonaiy and systemic circuits, is 
directed sagittall} acioss the current The partition grows and tends to 
shut off the cm lent fiom the \ena cava This causes piessure and 
maiked increase of the light side of the future light atiium The 
paitition IS foiced to turn with the ciinent and in time reaches the 
middle of the atiioventiiculni oiificc The folds dtsfa! to the septum 
piimum aie tin own into a countei clockwise spiral because of the counter- 
torsion ahead} mentioned These folds foiin the left and light valvulae 




Fig 3 —Development o£ the atrial legion (after Spitzer, 1923 [c]) , A, early 
stage, B, later stage L indicates an arrow showing counterclockwise torsion of 
the venous end of the heart, 2, the sinus venosns, 3, the right atrium, 4, the folds 
which later form the septum secundum, 5, the septum primum, 6, the crista 
terminalis, 7, the left atrium, 3, the atrioventricular orifice, 9, the ventricle, 
10, the bulboatnal ledge, 11, an arrow showing clockwise torsion of the arterial 
end of the heart, 12, the pulmonary vein, 13, the anlage of the septum ventricu- 
lorum, and 14, the right valvula venosa 

of the vena cava, and when pressed against the septum they close the 
foiamen ovale Accoiding to expectations, all valves and structure 
distal to the pulmonary veins should show counterclockwise torsion 
"A glance at the Boin model® will demonstrate complete accoid with 
this theory” (Spitzex) 

9 The Born model is depicted in Tandler’s “Anatomic des Herzens” (fig 22, 
P 30) 
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Spitzei pointed to a number of ontogenetic facts to demonstrate the 
validity of the foregoing description of early cardiac development the 
original tube foim of heart with four outpocketings in tandem formation, 
the right bending and right torsion of the tube, the light or clodcwise 
spiral course of the bulbai septum and the interventricular foramen,^® 
the left spiral of the venous valves and the shifting course of the 
septums He aigued that one should not expect to find the entire series 
of postulated events, because of the condensation of the ontogenetic 
recapitulation of phylogenetic events 

For an explanation of the truncus bulbus region, Spitzer turned to 
comparative anatomy In reptiles, most definitely seen in crocodiles, 
three great vessels arise from the heait an aorta arising from the left 
ventricle, an aorta arising from the right ventricle and a pulmonary 
artery arising from the right ventricle anterior to the right-chambered 
aorta, separated from the latter by a ledge, the Miiskelleiste of Greil 
From a comparison of the conditions found in reptiles, birds and man, 
Spitzer postulated a hypothetic oiiginal foim which is now extinct 
In the following discussion the truncus bulbus ventricular region will 
be described as though it weie a straight tube, but it must be remembered 
that all the swellings actually retain their spiral course For example, 
distal bulbar swelling I courses from the right posterior side of the 
bulbus at the truncus level to a left antenoi position nearer the ventricles 

Ougwal Foim (fig 4 A) — The septum aorticopulmonale, separating 
distally the anteiiorly placed aortas from the pulmonary aitery, is postu- 
lated as beginning in the growth of the partition between the fifth and 
sixth aortic arches on both sides Since the pulmonaiy artery is rela- 
tively small at this stage in phytogeny, the septum finally meets and 
joins bulbar swelling I and 11 in the distal bulbar legion These 
swellings hypertrophy and join to foim the septum aoi ticopulmonale in 
the bulbar region In a similar manner the septum aorticum, which 
separates the two aortas, arises from the partition between the third 
and fourth left aortic arches Lower down the postenoi leaf meets the 
septum aorticopulmonale and is deflected to the right to join distal bulbar 
swelling I The fusion of distal bulbar SAvellmg I with IV forms the 
remainder of the septum aorticum which encloses the left-chambeied 
aorta 

Spitzer maintained that the formation of two septums in this fashion 
IS a mechanical and teleologic necessity The septum aorticopulmonale 
begins distally because of the separation of the pulmonary arteries from 
the remainder of the truncus It divides the systemic and pulmonic 
arterial streams The septum aorticum, on the contrary, develops in 
response to the two streams (of oxygenated and reduced blood) com- 

10 See Keibel and Mall on the course of the interventricular foramen 
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mg fiom the atria It should theiefore first appear proximally The two 
septums do not meet exactly, because of the spiral torsion of the truncus 
The inertia of the blood causes the blood stream to undeigo a slightly 
less spiraled course than the truncus itself This would cause a relative 
countei clockwise toision of the septum aoiticum and place it at right 
angles to the septum aoi ticopulmonale 

Spitzci ai gucd teleologically that the presence of the right ventricular 
aoita IS necessary because of the still inadequate development of the 
lungs The animal must maintain a shunt from the right ventricle to 
the systemic circulation in older to pi event undue pulmonary congestion, 
to utilize the force of the poweiful right ventiicle in the systemic circuit 
and to decrease the blood flow through the lungs during unfavorable 
metabolic conditions 

It will be noticed that distal bulbai swellings I, II and IV take 
part in the foimation of septums All four swellings form valves lower 
down m the bulbai region The position of these valves is shown in 
figure 4 In the lower bulbai region swelling I is continued into proximal 
bulbar swelling a, wdiile swelling IV runs into b Sw^ellings a and b 
foim pait of the septum ventnculoium, while swelling c, the continuation 
of distal bulbar swelling II, deviates laterally into the right ventricle 
to form the Mnskcllci~ste of Greil separating the pulmonary artery from 
the right-chambered aorta 

Reptilian Foim (fig 4 B) — The increase in lung capacity in these 
animals has lesulted in a corresponding increase in the diameter of the 
pulmonary artery The posterior portion of the septum aortico- 
pulmonale is therefore forced from its original position on distal bulbar 
sw^elling II to distal bulbar swelling III At the same time the enlarge- 
ment of the sixth aoitic aich encioaches on the fifth arch, and the lattei 
atrophies The remainder of the formations lemain approximately as in 
the original foim According to Spitzer, the valvular portions of the 
swellings are not affected by the shifts of the septal parts The valvular 
portions, lying flat against the vessel walls, aie not subject to the forces 
of the changing currents, while the septal portions aie easily modified, 
since they extend into the blood stream In this manner the migration 
of a septum may split a valve in two Each of the three great vessels 
in reptiles contains two valve leaflets 

Avian Foim (fig 4 C ) — ^With the marked increase in blood flow 
m this class, the pulmonary artery is greatly distended, and a corre- 
sponding increase in flow to the left ventricle and left-chambered aorta 
takes place The pulmonary artery and the left aorta inciease in size 
and obliterate between them the right-chambered aorta which is no 
longer needed The divergent leaves of the two septums, fastened 
originally to distal bulbar swellings II and IV, are pushed over to 
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distal bulbai swelling III This causes obliteration of the left fourth 
arterial arch which was formerly the continuation of the right-chambered 
aorta The single aorta of birds must therefoie empty into the right 
fouith arterial aich, as it actually does In the ventriculai legion the 
proximal bulbar swellings course as usual, save that swelling c under- 
goes regression since it is not excited to giowth b)"^ the presence of two 
streams on either side of it Since pioximal swellings a and h and 



Fig 4 — Diagrammatic representation of the truncus bulbus region according 
to the theory of Spitzer The truncus is pictured as a straight tube The upper 
portions are rotated about the lower segments because of the clockwise spiral 
of the truncus — denoted by the heavy arrow The stage in cardiac development is 
just prior to the division of the truncus into the great vessels The heart is 
Mewed from above and posteriorly In the cross sections the anterior portions 
are above and the posterior portions are below' 

A, shows the original form, B, the reptilian form, C, the avian form, and 
D, the mammalian form 

Ti indicates the le\el of the truncus, Bu, the level of the bulbus, Vt, the level 
of the ventricular base, and Va, the level of the great vessel valves 

The heavily stippled area is the pulmonarj artery, the lightly stippled area, 
the crista suprarentriculans The line shaded area at the level of the truncus 
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distal bulbar swellings I and III have the enliie task of sepaiatmg 
the two blood streams, these will dominate in ontogeny 

ManiDiahan Foini (fig AD') — The force of the pulmonary circula- 
tion IS felt very early m mammalian development The flow from the 
left ventricle inci eases so rapidly that both fourth aiteual arches must 
remain open for a time to take care of it The development of the 
septum aorticum in the ti uncus legion is thus delayed while the develop- 


C D 



IS the septum aorticum, that at the level of Vt, the interventricular septum, that 
in each cross section, the left ventricular aorta The unshaded areas in the cross 
sections represent the right ventricular aorta In the cross sections the broken lines 
indicate the septum aorticopulmonale , the straight lines, the septum aorticum 
3 It indicates the left third aortic arch, 3 it, the right third aortic arch, 
4 It, the left fourth aortic arch (obliterated m C) , 4 it, the right fourth aortic 
arch, 5 It, the left fifth aortic arch (obliterated in C and D) , 5 rt, the right fifth 
aortic arch (obliterated in C and D) , 6 It, the left sixth aortic arch, and 6 it, the 
right sixth aortic arch 

I, II, III, IV indicate the distal bulbar swellings , a, b, c, the proximal bulbar 
swellings , ;r, the niche of the obliterated right ventricular aorta 

The broken arrow shows the gradual enlargement of the pulmonary artery 
through phylogeny 
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merit of the septum aorticopulmonale separating the pulmonary artery 
from the aorta is hastened For the same reason, nr the ventricular 
region the development of the septum aorticum, which separates the 
arterial from the venous blood, is rapid Human embryos have a com- 
posite or secondary septum aorticopulmonale constructed of the septum 
aorticum below and the septum aorticopulmonale above These fuse 
m the midportion of the bulbus The blood may now take either the left 
or the light fourth arterial arch, utilizing the left because it is thrown 
in that direction by the clockwise spiral of the truncus 

In the ventricular region proximal swellings a and b form the 
septum ventriculoruni, while swelling c is situated m the right ventricle 
As in the birds, the lattei is small From the foregoing theory, however, 
one would expect to find it posterior to the pulmonary artery and 
anterior to the tricuspid valve, enclosing between it and the valve the 
remnants of the right-chambered aorta Human hearts show the crista 
supraventricularis and the trabecula septomarginahs (or moderator 
band') in this position with a small niche between the crista and the 
anteiior tricuspid leaflet This niche, accoiding to Spitzei, lepiesents 
the remnant of the right ventricular aoita 

The theory also explains why each of the three great vessels of 
leptiles possesses two valve cusps, while each of the two vessels of bads 
and mammals has three In the latter types the valvular portion of 
bulbar swelling III is shared by both vessels, as it is split by the migra- 
tion of the posterior leaf of the septum aorticum 

Biilboatual Ledge (fig 5) — ^There remains foi consideration 
Spitzei’s hypothesis concerning the fate of the bulboatiial ledge, which 
originally jutted in between the descending and ascending limbs of the 
ventricular loop In this position it separated the incoming and outgoing 
streams of the ventricles, and its lemnants must be in similar relations 
in the adult, between the atrioventricular valves and the great vessels 
With the growth of the left aorta, the left leaf of the bulboatrial ledge 
IS pushed down and back, while the obliteration of the nght-chambei ed 
aorta causes the right leaf to move forwaid and upward This results 
in a partial left spiral and places the ledge in a position to complete the 
right spiraled edge of the interventriculai foramen Its course is pic- 
tured in figure 5, and it will be noted that this can explain why the 
septum membianaceum sepal ates the left ventricle fiom both the right 
atiium and the right lentricle The left leaf fuses with the aortic 
leaflet of the mitral \alve, while the right fuses with the large anterior 
ledge of the tiicuspid valve 

Spitzer brought forth a number of points m proof of his theory 

1 The niche between the crista supraventricularis and the anterior 
tricuspid leaflet shows the position of the former right-chambered aoi ta 
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2 Tandlei s illustiation oi the eaily human embryo dearly shows the 
disposition of the thice pioximal swellings in the ventricular region 

3 Tandlei lecognwes the homology of the Muskelleiste of the 
reptile with the tiabectila septomaiginahs of man 

4 Gieil states that the giouth of the paititions between the aortic 
aiches is the essential budge ioi the union of the bulbar swellings 

5 Langei s illustiations show the movements of the septal portions 
of bulbai swelling II to bulbai swelling III m embryos of Lacerta 

6 The migiation of the septal poitions of the distal bulbar swellings 
of bird embr\os is, as pictuied by Langer, in accord with the theory 

7 Langei made the “strange finding” that the septal portion of distal 
bulbai swelling I in leptiles continues as part of IV but in human 
embnos w-anclcis oiei the distal bulbai swelling III 

8 EAidence has been adduced fiom human malformations 




A B C 

Fig 5 — Diagrams iHustratmg Spitzer’s riews concerning the fate of the bulbo- 
atnal ledge (after Brings and Spitzer, 1928) A represents a sagittal section of 
the primitive cardiac loop , B, a cross section of the ventricular loop as viewed 
from above (the auricular structures having been projected onto the same plane), 
and C, the same as B but at a later stage in development Within these diagrams 
A IS the aorta, P, the pulmonary artery, 1, the auricular portion of the cardiac 
loop, 2, the ventricular portion of the cardiac loop, 3 , the bulbar portion of the 
cardiac loop , 4 , the bulboatrial ledge , 5, the atrioventricular valve , 6, the site of 
the obliterated right ventricular aorta, 7 , the crista supraventnculans , 8 , the 
mitral valve , 9 , the tricuspid valve, and 10 , the interventricular septum 

APPLICATION or THE PHYLOGENETIC THEORY OF SPITZER 
TO CARDIAC MALFORMATIONS 

Spitzer’s theoiy of noimal caidiac development delegates to the 
torsion of the heait loop as detei mined by changes m pulmonary circula- 
tion a function of pai amount importance m the formation of the septums 
It IS therefore understandable that he should have ascribed cardiac 
anomalies to inadequacy of this stage Thus, deciease in the amount 
of torsion may lead to incomplete formation of the septums This 
concept differs widely from that of Rokitansky, of Geipel and of Pern- 


11 See figure 25, page 34, in Tandler’s “Anatomie des Herzens ” 
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kopf and Wirtmger inasmuch as it lefers to detorsion of the entire heart 
relative to the noimal position and not to insufficient spiraling of an 
isolated segment Furthermoie, the insufficient torsion is but the first 
step of a series of events which lead to the malformation The heart is 
placed in an earliei phylogenetic position where torsion had not taken 
place to such a great extent Then the forces of the blood stream, still 
working in ontogeny, can bring development to a phylogenetically and 
mechanically determined conclusion The result will differ from the 
normal Spitzei inferred that there is no complete departure from 
developmental principles, as is postulated by other theoiies in the 
deficient spiialing of the ti uncus septum and the consequent union of 
nonhomologous structuies These principles have been too firmly 
grounded in phylogeny since the onset of lung bieathing in the fishes to 
allow so radical a change The inevitable corollaiy to these statements 
IS that complete homology must be piesent between all structures in 
malformations and those in the normal heart Transposition must be 
apparent and not real In any stage of phylogenetic development the 
septum aorticum separates the right from the left aorta, while the septum 
aorticopulmonale and its continuation (the crista supraventricularis m 
the mammal) separate the pulmonary artery fiom the aortas These 
relations cannot change because ontogenetic factors happen to complete 
an earlier stage in phj^logenetic development 

These basic principles are the guide to the vaiious types of trans- 
position as set forth and graded by Spitzei according to the probable 
degree of detorsion which had taken place 

Type 1 Oveuidtng Aotia (fig 6) — Slight detorsion (or, actually, 
a smaller than normal degree of torsion) has taken place Septum 
development is hindered, and those portions farthest removed from the 
forces of the blood streams cannot develop completely The alieady 
proximally withdrawn septum aorticum and its immediate ventricular 
prolongations are fiist involved and disappeai This results in an upper 
interventricular defect and fusion of the two aortas (implying an open- 
ing of the right-chambered aorta) The detorsion also causes the bulbus 
cordis to be lotated in a counterclockwise direction, placing the common 
aorta more to the right, the pumonary artery moie to the left, and the 
crista more anterior and at a more acute angle to the septum ventricu- 
loium In ontogeny the outflow through the right-chambei ed aorta is 
inci eased, while that through the pulmonary artery is decreased More- 
over, the crista, now dividing the two mam streams, is subject to the 
same forces which normally cause the development of the septum ven- 
tnculorum Its potentialities as a septum become evident, and it hyper- 
trophies The pulmonary artery becomes smaller as a consequence of 
the smaller volume of blood and because it is compressed between the 
Iij'^pertrophied crista and the septum ventnculorum Phylogenetically 
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speaking, the detoision pi events the complete migration of distal bulbar 
swelling II to III The valvulai poition of swelling III is not split 
and divided between the aorta and the pulmonary aitery Both from 
ontogenetic and phylogenetic factors, theiefoie, a stenotic and also 
bicuspid condition of the pulmonary aiteiy arises if the detorsion is of 
the propel degiee 




Fig 6 Diagrams to show the various structures of the heart in the normal 

position and in the different types of transposition (after Spitzer, 1923 [c]) 
The structures are projected on the ventricular base, which is viewed from above 
and posteriorly 1 indicates the pulmonary artery , 2, the aorta , 3 , the mitral valve , 
4 , the tricuspid valve, 5 , the crista supraventncularis , 6 , the anterior portion of 
the interventricular septum , 7, the posterior portion of the interventricular septum , 
8 , the site of the obliterated right ventricular aorta, 9, the site of the obliterated 
left ventricular aorta, 10 , tlie anterior tricuspid ledge, 11 , the site of the unde- 
veloped true interventricular septum, and 12 , the bulboatrial ledge 

The detorsion is seen also in deficient spiraling of the aorta about 
the pulmonary artery and in the relative clockwise torsion of the aorta 
and pulmonary arteiy, as determined by the position of the cusps The 
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coronal y-beanng sinuses thus appeal in left anteiioi and left posteuoi 
position instead of light anterioi and left anteiioi position 

In summary, the chaiacteiistics of this type would he an overriding 
aorta, a hjqiertrophied ciista supraventiiculaiis, an inteiventriculai 
defect, a stenotic and bicuspid pulmonaiy valve, a diminished spiialing 
of the pulmonaiy aitery about the aoita and a counterclockwise rotation 
of the coionary cusps These chaiacteiistics aie illustiated by cases 1 
through 5 of the piesent series (page 456) An increasing grade of 
detorsion is shown by the fact that in case 1 the aorta is situated mainly 
ovei the left venti icle and in case 5 maml} o\ ei the right a entricle The 
pulmonaiy artery is stenotic, being completely atretic in case 5, in which 
the ciista supraventriculai is has piobably fused with the anterior septum 
ventnculorum, thus obliterating the pulmonary conus 

Type 2 Simple Ti ansposMwn of the Aoita — An increase in the 
amount of detorsion has taken place, as shown by the fact that the pul- 
monary arteiy is farthei to the left The aoi ta is placed moi e to the right, 
the crista is diiected moie sagittally and the coionary aiteiies appeal 
moi e countei clockwise in position than in the noi mal heart The detor- 
sion lemoves the left aoita fiom its connection with the left venti icle 
The flow through it ceases, and it is obliterated In coiitiast, the right 
aorta is placed directly above the right venti icle and leopens In this 
manner both pulmonary artery and aorta aiise fiom the light venti icle, 
and an apparent transposition of the aorta has taken place Actually, 
however, the left aoita has closed and the right leopened No hue 
ti ansposrtioii has occwied The pulmonaiy valve is still bicuspid and 
stenotic, while the crista is moie hypei trophied than in type 1 In some 
cases this hypertiophy has been so great that the ciista appeals to be 
an accessory septum As an example theie may be cited a case of 
Rokitansky’s (3196) m which a false anterioi septum enclosed, with the 
true anterior septum, a third ventricle giving use to the pulmonary 
artery This condition is illustrated by case 2 of this senes No examples 
of uncomplicated type 2 transposition aie piesent m the collection at 
the Children’s Hospital Cases 7, 7a and 7b show initial atresia and a 
rudimentary state of the left ventricle in addition to a tj'pe 2 tians- 
position 

Type 3 Glossed Ti ansposAion — In this group evidences of greatei 
detoision aie present The aorta and pulmonaiy artery issue from the 
base in the position indicated in figure 6 and pursue a more or less 
parallel course upward As m the preceding gioup the right aoita has 
opened, while the left has closed Because of the gi eater detoision, this 
occurs eaiher, and the ventricular prolongation of swelling a is so far 
remolded from the two emergent streams that it cannot develop to a 
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septum Swelling c is now' clneetly belw'cen the aortic and pulmonary 
sti earns and in consequence undcigoes h 3 'peitiophy If, because of the 
detoision sw'ellmg c leaches a position dnectly m line with the posteiior 
swelling b (m othei w-oids, occupies a position compaiable to the normal 
position oi o) it may develop as a does noimally and foim a false 
anteiioi septum This thiows the pulmonai} aiteiy into wdiat is appar- 
enth a left ventiicle, while the iight-chanibered aoita leinains m the 
light ventiicle A ciossed ti ansposition appaieiitly takes place If, on 
the other hand, the ciista is not in line with the posteiioi portion of the 
septum lentriculouim. neithei can deielop to a sufficient extent and the 
septum lemains ludinientai^ A cor biloculaie oi triloculaie univen- 
triculorum wnlii the aorta to the light of the pulmonai y artery, results 
Since, 111 this group, the pulmonai y aiteiy leceives the full cm rent from 
the left ventiicle, and since it is not hemmed m between the crista and 
the anteiioi true septum, it undeigoes enlaigement and legains the 
tricuspid condition 

If one examines the position of the bulboatrial ledge, it will be 
noticed that anteiioi mo\ement of the right-chambered aoita will tend 
to diaw' the right leaf of the ledge anteiiorly, separating it from the 
anteiioi ledge of the tricuspid to wdiich it had been fused In the new 
position the ledge may undeigo hypertrophy to form a band between 
the aorta and the anterioi tiicuspid ledge It is theiefore in the position 
of, and may appear to be, the ciista supraventncularis This, argued 
Spit/er, cannot actually be true, since the crista must always lie between 
the pulmonai y artciy and the right-chambei ed aorta (in situs solitus) 

Case 6 is an example of a transitional form between types 1 and 3 
The aorta is almost entirely over the right venti icle, while the pulmonary 
aitery, though at first directed towaid the light, finally ends in a left 
ventiicle Cases 8 through 11 demonstiate type 3 transposition Case 
16 shows the combination of type 3 transposition and bulboventncular 
inversion 

Type 4 Mixed Ti ansposition — With increasing giades of detoi- 
sion, the crista may come into line Avith the posteiior tiicuspid ledge, 
the aiitenoi tricuspid ledge or the light leaf of the bulboatrial ledge 
Should a false septum develop m the second case, the tricuspid valve 
will apparently entei the left ventiicle (type 4) The large anterior cusp 
of the valve then spans the interventricular septal defect, since the 
anterior tricuspid ledge forms part of the septum Weie a false septum 
to develop from the crista supraventncularis and the bulboatrial ledge 
the tricuspid valve would be transposed entirely into the left ventiicle 
(we shall call this condition type 5) (see page 486) In both type 4 and 
type 5 the right ventricle becomes a pure aortic chamber Stenosis of 
the aorta results because of insufficient blood flow If the direction 
of the crista lingers long between the planes of the anterior and posterior 
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tricuspid ledges, both the latter may hypertrophy, encroaching on and 
obliterating the tricuspid valve between them 

Case 12 is an example of a transitional foim between types 2 and 4 
Two incomplete ventiicular septums are present The first divides the 
heart so as to place the aorta into a right ventricle (type 2), while the 
second demarcates a pure aortic ventricle Case 13 demonstrates trans- 
position of the tricuspid valve, while cases 14 and 15 show the aortic 
ventricle In case 17 the transposition is associated with obliteration 
of the tricuspid valve In addition there is bulboventricular inversion 
Ti ansposition of the Coionaiy Aitenes — As the detorsion takes 
place and the aorta winds around the pulmonary artery in a counter- 
clockwise direction, the right coronary stem will successively cross 
branches of the left As it does, these branches may acquire secondary 
union with the right stem and lose their original connection with the 
left In a similar fashion the branches of the right coronary artery 
may be transposed to the left coronary The coronary arteries have been 
examined in all the cases of this series It will be seen that an increasing 
degree of coronary transposition occurs from type 1 to type 4 

PRESENTATION OF CASES TYPE 1 OVERRIDING AORTA 

Case 1 — HypeiUophy and rotation of enhie heart, closed foiamen. ovale, tniei- 
ventncular septal defect, patent ductus arteriosus, hypertrophied crista supra- 
ventncularis, right ventricular piepondcrance, overriding aorta, stenosis of 
pulmoimy artery, bicuspid pulmonary valve, rotation of orifices of coronary 
arteries,'^^ persistent light aortic arch, complete vasculai circle around trachea 
and esophagus 

A 4 day old girl showed numerous external congenital malformations, irregular 
and feeble respirations, subnormal temperature, cardiac enlargement and cyanosis 
of varying degree from the time of birth No cardiac murmurs or thrills were 
noted At autopsy the following additional observations were made hemorrhagic 
bronchopneumonia, bilateral harelip, cleft palate, horseshoe kidney with hypoplasia 
of the right half and atresia of the right ureter, clubfeet, incomplete rotation of 
the cecum, deformity of the right external ear and hypoplasia of the labia majora 
vulvae The microscopic structure of the heart was found not remarkable 

The heart is greatly enlarged and is ovoid The long axis, through the apex, is 
directed to the left and slightly downward, so that the heart tends to he in a 
transverse direction The transverse diameter is 6 cm in contrast to the trans- 
thoracic diameter of 9 cm When viewed anteriorly, the pulmonary artery is seen to 
arise from the center of the cardiac base The aorta arises to the right between the 
pulmonary artery and the markedly enlarged right auricle, which projects forward 
around the right side of the heart The left atrium cannot be seen anteriorly The 
anterior interventricular sulcus courses very close to the left margin and ends 
in a small groove to the left of the apex The posterior sulcus is more obliquely 
placed, running downward and to the left The right ventricle is approximately 
twice as large as the left 

12 That IS, rotation of the aorta, thus carrying the coronary-bearing aortic 
sinuses into the more counterclockwise position with reference to the normal 
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The right ntrnim receives the superior and inferior venae cavae in a normal 
manner Just below tiic prominent eustachian valve is the orifice of the coronary 
sinus, guarded posteriorly bv a ludimentary valve The fossa ovalis measures 
1 S cm in diameter and is completely closed by a thin membrane which bulges 
into the left atrium The right atrio\ cntncular valve, measuring 45 mm in cir- 
cumference, has three cusps, anterolateral, medial and posterior The cusps show 
a row of irregular transparent nubbins along the free margins The remainder of 
the leaflets is not remarkable The antcrioi papillary muscle is relatively small 
and is inserted into the anterolateral w'all of the ventricle on a ridge which con- 
tinues medially to reach the interventricular septum at the commencement of the 
crista supra^ cntricularis This ndge is the moderator band (trabecula septo- 
marginalis) The moderateh hypertrophied crista supraventricularis arches 
superior!)', laterally and antenorlj across the ventricular base, from the interven- 
tricular septum to the anterolateral ventricular wall near the anterior papillary 
muscle It encloses a small space between it and the anterior portion of the inter- 
ventricular septum This space is the low'er orifice of the pulmonary conus To 
the posterior aspect of the crista arc attached several chordae tendineae which 
run to the anterior cusp of the tricuspid valve Between the crista supraven- 
tricularis and the medial cusp of the tricuspid valve is a deep recess which leads 
at its apex to a defect in the interventricular septum The pulmonary artery is 
narrowed at its origin, measuring 22 mm in ciicumference A well formed bicuspid 
pulmonary valve is present The cusps are situated in left anterior and m right 
posterior position when view'cd in situ Immediately distal to the valve there is 
a slight dilatation of the pulmonary artery 

The left atrium is much smaller than the right atrium It receives two pulmonary 
veins at its right extremity and one at its left The latter divides shortly into two 
branches The membrane coiering the fossa ovahs bulges into the atrium The 
auricular appendage is small and narrow The mitral valve and papillary muscles 
do not show any abnormality The interventricular septum is thick in its inferior 
portion but becomes narrow'er above to present a semicircular defect in its upper 
posterior portion The membranous septum is not present Above the defect 
IS the base of the aorta, w'hich is situated more over the left ventricle than over 
the right The aortic valve is tricuspid, with its leaflets placed in right posterior, 
anterior and left posterior position To the right side of the aoitic base is attached 
part of the medial leaflet of the tricuspid valve, which thus obscures, with the 
anterior tricuspid leaflet, the opening of the interventricular defect into the right 
ventricle The left posterior margin of the aortic base continues down to the 
aortic cusp of the mitral valve 

The coronary arteries arise from the sinuses behind the anterior and left 
posterior aortic cusps The former corresponds to the right coronary artery and 
courses around the right atrium to terminate in the posterior intei ventricular branch 
The latter gives off the anterior interventricular artery and the left circumflex 
branch 

The further course of the great vessels is of interest The aorta gives rise 
to the left common carotid artery, which passes up anterior to the pulmonary 
artery The aorta then passes superiorly and posteriorly to reach the right side of 
the trachea Opposite the trachea the aorta gives rise anteriorly to the right 
common carotid artery and then passes behind the esophagus The right and left 
subclavian arteries arise from this portion of the aorta The mam pulmonary 
artery courses from the cardiac base to the left of the trachea, where it branches 
The right pulmonary artery runs between the aorta and the trachea The left pul- 
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motiary artery passes directly to the left lung At the bifurcation of the pulmonary 
artery there is a large patent ductus arteriosus, which joins the aorta after the 
latter has reached the left side of the esophagus A complete vascular ring is 
thus formed around the esophagus and trachea 

Case 2 (fig 7) — Hypo ti ophy and lofaiton of entire heart, closed joiaincn ovale, 
mtei-ventiiciilai septal defect, closed ductus aitenosiis, accessory septum m right 
vcntincle, nght ventricular pi epondetance, overriding act la, i udimentai y and stenotic 
pulmonary valve 

A 10 week old boy was well until the sixth week of age, when he began to 
have spells of choking and coughing Severe dyspnea and convulsions occurred 
shortly before his entry into the hospital Physical examination revealed 
expiratory stridor, dyspnea, marked cyanosis, a harsh systolic murmur over the 
precordium, best heard in the tricuspid area, a soft middiastolic murmur in the 
same area, dulness and rales at the bases of the lungs, and mild hepatomegaly 
Death occurred several hours after admission At autopsy pulmonary congestion 
was observed The microscopic structure of the heart was found not remarkable 

The heart weighs 50 Gm (normal weight, 23 Gm ) Jt Jjgg transversely 
in the thoracic cavity, with a vertical diameter of 4 5 cm and a transverse diameter 
of 7 cm In addition, it is apparently rotated in a 90 degree arc about its long 
axis so that the anterior interventricular groove is at the left border and the 
posterior interventricular groove courses down the right border The anterior 
surface of the heart is thus comprised entirely of the right ventricle The septum 
ventriculorum is in a frontal plane This brings the right atrium in front and a 
little to the left of the left atrium, a part of which is visible at the extreme right 
border of the heart Both great vessels arise from the posterior portion of the 
cardiac base, the aorta anterior and to the right of the pulmonary artery The 
right ventricle has a large rounded anterior projection at its upper left portion 
It measures 3 by 3 cm in diameter and extends forward 2 cm The pulmonary 
artery arises from the summit of this projection 

For easier comprehension, the heart will be described as though it had the normal 
position in the thoracic cavity with the anterior interventricular groove coursing 
near the left border and the septum ventriculorum placed in a sagittal plane This 
allows the atria and ventricles to be described as right and left as usual instead 
of anterior and posterior as is actually the case 

The right^ atrium is not remarkable The foramen ovale is completely closed 
The veins and their valves are in their normal position The right atrioventricular 
valve measures 30 mm in circumference and contains anterior, medial and posterior 
cusps The anterior papillary muscle is very large and is inserted into the right 
ventricular wall close to the lower anterior portion of the interventricular septum 
The posterior muscle is small The large medial muscle of Lancisi takes origin 
from the interventricular septum The three papillary muscles' are in close 
approximation to one another and thus reduce the posterior, or inflow, portion 
of the right ventricle to a small chamber The remainder, or outflow portion, of 
the right ventricle is heavily trabeculated and is divided into a larger anterior por- 
tion and a smaller posterior portion by a false septum which corresponds in 
position to the crista supraventricularis (fig 7) It extends downward at right 
angles to the true interventricular septum The false septum is 1 5 cm deep and 
leaves but a small oval opening infenorly, measuring 5 mm in diameter, between 
the two portions of the anterior part of the right ventricle Behind the false 


13 The normal weights are taken from Coppoletta and Wolbach 
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septum and between it and the antcnoi leaflet of the tricuspid vahe is a deep 
niche which leads up to the aoita and a defect in the true septum In front of 
the false septum is an accessorj chamber, measuring approximate^^ 2 by 2 cm , 
which forms the projection noted on the surface of the right ventricle The 
chamber leads at its summit to the pulmonary artery The pulmonary valve 
measures 18 mm in circumference and is lepresented by a thickened irregular 
band of t^JBSuc rather than b^ definite cusps 1 lie arterv gives off its two branches 
in the usual manner A ductus arteriosus cannot be lound The left atrium, bicuspid 
rahe (measuring 38 mm in circumfeience) and papillarj muscles are not remark- 
able The intcrrentricular septum is thick and intact save for an oval-shaped 
defect, 7 b\ 3 mm , in the upper anterior portion This defect is surmounted 
by the aorta, which opens, for the most part, into the left ventricle The interven- 
tricular defect connects the outflow portion of the left \entricle wuth the small 


n I 



Fig 7 (case 2) —View of the heart from the left Both ventricles have been 
opened The interventricular septum lies vertically to the plane of the paper Its 
position IS shown by the anterior descending coronary artery A indicates the 
aorta, P, the pulmonary artery, and C, the markedly hypertrophied crista supra- 
ventricularis separating a small pulmonic ventricle from the remainder of the 
right ventricle Arrow I passes through the right ventricle into the aorta and 
through the septal defect into the left ventricle Arrow II passes from the left 
ventricle into the aorta 


middle, or aortic, chamber of the right ventricle The aortic valve has three cusps, 
which he in right, left and posterior position The right and left sinuses give off 
the usual coronary arteries The aortic valve measures 30 mm in circumference 
The further course of the great vessels is not abnormal The left ventricular 
muscle measures 5 mm and the right 4 mm in thickness 
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Case 3 — Persistent ostium pnmum, common atrioventi icular orifice, inter- 
ventricular septal deject, patent ductus arteiiosm, overriding aorta, normal pid- 
monaiy attery, hypertrophy of light ventiicle 

A 2 day old boy showed cyanosis and feeble respirations from the time of birth, 
with rapid development of persistent abdominal distention, vomiting and bleeding 
from mucous membranes The heart was not enlarged nor were murmurs heard 
Roentgen examination showed a normal heart shadow At autopsy the following 
conditions were observed hemorrhagic necrotizing gastroenterocolitis, hemo- 
thorax, hemopencardium, congenital anomalies of mesentery and duodenum but 
no intestinal atresia Microscopic examination of the heart showed only congestion 
and small hemorrhages 

The heart is not enlarged and is normal in shape The apex is directed down- 
ward and to the left The interventricular grooves are normal in position The 
coronary arteries are unusually prominent 

The interatrial septum is defective It is present to a slight extent on the 
superior and posterior walls of the atria The fossa ovalis and eustachian valve 
are not present The defect in the atrial septum measures 1 cm in diameter 
and merges below with a large defect (15 by 6 mm ) in the upper portion of the 
interventricular septum The right atrium receives the venae cavae and coronary 
■vein while the left receives the pulmonary veins m normal position 

There is only one atrioventricular valve because of the fusion of the posterior 
■cusp of the tricuspid with the posterior half of the anterior leaflet of the mitral 
valve and the fusion of the anterior half of the latter cusp with the medial cusp 
of the tricuspid valve The right ventricle is slightly larger than the left At 
the left anterior portion of the right ventricle a rather small infundibulum leads 
unto the pulmonary artery The pulmonary valve is tricuspid and measures 22 mm 
in circumference Behind the infundibulum a hypertrophied crista supraventncularis 
arches upward, laterally and slightly forward from the upper third of the inter- 
ventricular septum to the right wall of the ventricle It gives rise to several chordae 
to the anterior and medial cusps of the tricuspid valve Between the crista and 
the anterior tricuspid leaflet is a niche which leads to the anterior portion of the 
interventricular septal defect and to the aortic valve The left ventricle presents 
a mitral valve which has three cusps because of the splitting of the aortic leaflet 
Arising from the middle of the cardiac base, between the anterior half of the 
anterior mitral leaflet on the left and the medial and anterior leaflets of the 
tricuspid valve on the right, is the aorta, which overrides the anterior portion 
of the large interventricular defect It measures 15 mm in circumference and 
drains both ventricles The aortic valve is tricuspid, containing anterior left, anterior 
right and posterior leaflets The sinuses above the two anteriorly placed cusps give 
Tise to normal right and left coronary arteries The aorta decreases slightly in 
caliber until it joins the patent ductus arteriosus, at which point it becomes 
wider 

Case 4 — Hypertrophy and detorsion of heart, functionally closed foramen 
ovale, interventricular septal defect, patent ductus arteriosus, tight ventricular 
prepondet ance, clockwise t otatian of ci ista sufiraventnculai is, ovet i iding aorta, 
marked stenosis of pulmonary aiteiy, bicuspid pulmonary valve, rotation of coio- 
nary arteiy orifices 

A 4 month old girl was well up to seventeen days before death, when she 
began to show irritability, fever, convulsions and signs of a cerebral disturbance 
on the right Roentgenograms showed slight cardiac enlargement A soft systolic 
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murmur was heard o\cr the prccordmm At autopsy the infant showed, m addition, 
bronchopneumonia, a single lobe of the left lung being involved The cranial 
vault was not examined 

The right Aentricle of the heart is prominent, making up almost the entire 
anterior surface and approximatel} one half of the posterior surface of the heart 
The pulmonary conus is well marked exteriorly and gives rise to a very narrow 
pulmonary arterj The large aorta arises posteriorly and to the right of the 
pulmonary arterj The pulmonarj artery arises fom the extreme left upper por- 
tion of the heart The anterior descending coronary artery is unusually prominent 
as it courses dow n the ventricle near the left cardiac border 

The right atrium is large, measuring 20 by 15 mm The openings of the veins 
and coronary sinus are normally situated The eustachian valve is prominent, 
and the thebesian valve is fenestrated The fossa ovalis measures 9 mm in 
diameter and has a small shtlike aperture anteriorly, which was probably closed 
during life The tricuspid valve measures 40 mm in circumference and bears 
three leaflets m normal arrangement The papillarj muscles are of moderate size 
and are situated m their usual positions The architecture of the anterior, or 
outflow', portion of the right ventricle is complex The ventricular septum shows 
a defect anteriorlj' and superiorly, extending from the atrioventricular region 
to the anterior wall and measuring 10 b 3 ' 4 mm Directly above this defect is 
the aorta, which is shared equally by both ventricles The base of the aorta is 
bounded on the right side by the medial tricuspid leaflet and the small papillary 
muscle of Lancisi The right anterolateral border of the aortic base is defined 
by a hypertrophied ledge which arises from the upper portion of the interven- 
tricular septum anteriorl}', arches over the ventricular base just in front of the 
aorta and then runs to the anterolateral ventricular wall to become lost between 
the anterior and posterior papillary muscles of the tricuspid valve The medial 
portion of this ledge is closely applied to the anterior ventricular wall, leaving 
but a small shtlike aperture, which leads to the pulmonary artery The ledge, 
therefore, corresponds in position to the normal crista supraventriculans, which, 
by assuming a more anterior course, has almost obliterated the pulmonary conus 
The pulmonary valve is very narrow, measuring 10 mm in circumference It 
contains two thickened cusps, which are situated right anteriorly and left posteriorly 
The opening between them is a mere slit Distal to the valve, the artery becomes 
wider and gives off the pulmonary branches, which have the usual course The 
ductus arteriosus is 1 cm long and admits a 2 mm probe 

The left atrium is not remarkable save for its small size It measures 20 by 5 
mm The openings of the pulmonary veins, the mitral valve (measuring 29 mm in 
circumference) and its papillary muscles are not remarkable The anterior portion 
of the interventricular septum show's the rounded defect which is overridden by 
the aorta The aortic valve measures 35 mm in circumference and bears right 
posterior, anterior and left posterior cusps In the sinuses behind the latter two 
cusps are the orifices of the coronary arteries The left posterior cusp has the 
usual close relation to the aortic leaflet of the mitral valve The right posterior 
cusp seems to run directly into the medial cusp of the tricuspid valve From the 
junction of the right posterior and anterior cusps of the aorta, a large muscle 
band, measuring 4 mm in width and 15 mm m length, runs down to the right 
and forward to pass behind the crista supraventriculans, which is applied to the 
anterior ventricular wall at this point The band is inserted in front of and to 
the left of the anterior papillary muscle of the tricuspid valve The right coronary 
artery takes origin from the anterior sinus, while the left arises from the left 
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posterior sinus The branches are normal The branches of the aorta are not 
remarkable The left ventricular myocardium measures 4 to 5 mm in thickness, 
while the right measures S mm 

Case 5 — Hyperiiophy and detorsion of hewtt, open joiamen ovale, inieiven- 
tuculai septal defect, apparent absence of cnsta supi aventnculai is, tight ventiic- 
ulai pi epondeiancc, over tiding aotla, atresia of pulmonary otifice, rudimentary 
pidmonaiy aiteiy, countet clockwise lotation of coi onary-bearing aoitic sinuses, 
angulation of planes of atrial and ventncular septums, patent ductus aitciiosus 

A 6 month old boy showed cyanosis at birth and on exertion thereafter There 
were daily spells of respiratory difficultj' Cvanosis and crying preceded bowel 
movements A faint mitral systolic murmur was heard Death followed shortlv 
after an acute nutritional disturbance Examination before death showed dyspnea, 
cyanosis, tachycardia and cardiac enlargement A systolic murmur was heard all 
over the precordium, most marked over the sternum The pulmonic second sound 
was diminished There were no thrills or diastolic murmurs Additional observa- 
tions at autopsy were tracheobronchitis, cerebral congestion and acute gastritis 
The histologic examination of the heart showed nothing remarkable 

The heart is very much enlarged It lies almost transversely, with the apex 
pointing to the left and slightly downward The anterior interventricular groove 
IS situated far to the left, running sagittally down toward the apex The entire 
heart is turned so that the ventricular septum is placed at a 45 degree angle between 
the sagittal and frontal planes The interatrial septum is in the sagittal plane, at 
an acute angle to the ventricular septum The obtuse margin of the heart is verv 
short while the acute margin is long and forms the right and inferior borders of 
the organ At first only one large %essel is seen to arise fiom the ventricles 
This comes off slightly to the left of the midline and courses almost directly 
upward After dissection a small thin vessel is found attached to the left posterior 
side of the larger vessel It runs down around the left side and in front of the 
larger vessel to be inserted in the right ventricle just to the right of the inter- 
ventricular groove The larger vessel is the aorta and the smaller is the pulmonary 
arter}" The right atrium is large and projects around the lateral side of the aorta 
Only a small portion of the left auricular appendage is seen anteriorly The 
entire right side of the heart is much hypertrophied and seems to give rise to 
both vessels 

The right atrium measures 35 mm in the transverse and 20 mm in the vertical 
diameter The superior and inferior venae cavae and the coronarj^ sinus arise in 
normal positions The eustachian valve is intact, but the thebesian valve is merely 
a network of fine fibers on the atrial wall posterior to the coronary opening 
The limbus fossa ovalis is prominent The fossa ovalis measures 3 cm in cir- 
cumference The posterior portion of the fossa is closed by a membrane which 
has a free crescentic anterior border Between this and the prominent anterior 
margin of the limbus is an oval defect measuring 5 by 4 mm The right atrio- 
ventricular orifice measures 40 mm m circumferance and has three cusps m 
essentially normal positions The papillary muscles are small The anterior muscle 
IS inserted m a mass of trabeculae in the right lateral portion of the ventricle 
In the anterosuperior portion of the septum in front of the atrioventricular orifices 
IS an oval defect, which is surmounted by the aorta No remnants of a 
crista supraventricularis, moderator band or conus arteriosus in the right ventricle 
can be identified The ventricle is heavily trabeculated throughout The inter- 
\entncular septal defect measures 13 by 4 mm and is situated beneath the left 
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side of the aorta The base of the aorta is bounded by the right anterolateral 
ventricular uall, the anterior cusp of the tricuspid laterall}', the medial cusp laterally 
and posteriorly, and the mitral valve on the left side Three quarters of the 
aortic base lies over the right ventricle The aortic valve measures 35 mm in 
circumference and bears three normal cusps, situated in right lateral, anterior 
and left posterior position The aorta courses upward and to the left, giving off 
the innominate, left common carotid and left subclavian arteries in that order At 
the apev of the arch the aorta gives off a small vessel measuring 1 mm in 
diameter, which courses down its left side This vessel gives off the left pulmonary 
arter 3 ', then the larger right pulmonary arterj--, ivhicli runs behind the aorta The 
original vessel, now' very much narrow'ed, but with a patent lumen, runs down 
into the ventricular muscle anterior to and to the left of the aorta In the muscle 
it ends as a blind smooth endothehal-hned pocket to the right of the anterior 
descending coronarj' arterv Neither valves nor any continuation as a fibrous 
cord into the \entricular caMtj can be made out 

The left atrium measures IS mm m transverse and 20 mm in vertical diameter 
The openings of the pulmonary veins are normally situated The patent foramen 
ov'ale IS evident The left atrioventricular orifice with the bicuspid valve and its 
papillary muscles is not remarkable It measqres 20 mm m circumference The 
anterior leaflet bounds the left base of the aorta and is in the usual intimate relation 
to the left aortic cusp The left ventricle is much less heavily trabeculated than 
the right and measures 30 by 10 mm , in contrast to 30 by 20 mm for the internal 
measurements of the right ventricle The left coronary artery arises from the 
left posterior aortic sinus, w'hile the right coronary artery arises from the anterior 
aortic sinus The left coronary artery passes behind the atretic pulmonary artery 
and emerges on its left side The thiekness of the right and of the left ventricular 
myocardium is 5 mm 

These 5 cases present a senes of type 1 tianspositions in which the 
aorta moves from a position ovei the left ventricle to one over the right 
Hypertiophy of the light ventricle, subaortic interventricular defects and 
a lotation of the entire heart (so that the usual anterior surface is turned 
to the left side) are also present All the examples save that in case 3 
show either a rudimentaiy or a bicuspid condition of the pulmonary 
valve while all except that m case 5 clearly show hyperti ophy and coun- 
tercloclcwise rotation of the crista supraventricularis In case 2 the crista 
is sufficiently well developed to form an accessory septum, which 
separates a pulmonic ventricle from the remainder of the right chamber 
The course of the coionary arteries is normal except for the fact that 
the coronary-bearing aortic sinuses are rotated in a counterclockwise 
direction The condition of the ductus aiteriosus and interatrial septum 
varies considerably A persistent foramen ovale occurs once, while 
patency of the ductus arteiiosus is present in 4 cases In case 4 there is a 
persistent ostium primum accompanied by deformities of the atrioven- 
tricular valves described by Abbott and Kaufmann and by Gunn and 
Dieckmann A mild degree of aortic coai ctation is seen in case 3 Case 
1 shows a complete vascular circle about the trachea and esophagus 
because of the abnormal persistence of the fourth right aortic arch and 
the ductus arteriosus 
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The relatively slight degree of detorsion postulated by Spitzer as the 
etiologic factor of this type of transposition is verified by the diminished 
amount of spiraling of the great vessels and by the counterclockwise 
rotation of the entire heart, coronal }'■ orifices and crista supiaven- 
tricularis Theoretically, the proximal portion of the septum aorticum 
has disappeared, so that the right ventricular aoi ta has opened and fused 
with the usual left ventricular aoita The result is an ovei riding aorta 
and septal defect between the anteuor tiicuspid ledge and the crista 
supraventi icularis in that portion of the septum which is derived from 
the septum aorticum (the posterior poition of the anterior septum of 
Rokitansky) The pulmonar}'- artery is stenotic and bicuspid for the 
reasons already discussed on page 453 The limit of this process is 
reached in the complete obliteration of the pulmonary artery in case 5, 
probablj'- because of the fusion of the crista supraventricularis with the 
anterior portion of the real septum venti iculoi um These two, therefore, 
form a composite anterior intei ventriculai septum in this case 

TRANSITIONAL FORM BETWEEN TYPE 1 AND TYPE 2 

Case 6 — Toiston of the enhre heart, right veiituadar hypotrophy, intact 
mteraiiial septum, inlet ventricular septal defect, patent ductus aitoiosus, ovo riding 
aoita, stenotic pulmonary artery, single corona? y artoy orifice 

A 7 month old girl had shown labored respirations, slight cyanosis and poor 
weight gam since birth Development was slightly retarded There were occasional 
attacks of edema of the extremities lasting several days each Markedly increased 
cyanosis and dyspnea occurred during the three days prior to death Physical 
examination showed malnutrition, poor development, cyanosis, dyspnea, cardiac 
enlargement to the right and to the left, a rough systolic murmur over the pre- 
cordium heard also at the aortic area and transmitted to the back, clubbing of 
nails and cold extremities The red blood cell count was 6,880,000 At autopsy 
the following additional observations were made interstitial bronchopneumonia, 
generalized visceral congestion, cerebral edema Microscopic examination of the 
heart showed moderate congestion and edema Occasionalb’- muscle fibers stained 
irregularly 

The heart is moderately enlarged, weighing 50 Gm (normal weight, 34 Gm ) 
It measures 5 cm in the vertical diameter, 7 5 cm in the transverse diameter 
and 7 5 cm in the oblique diameter The internal diameter of the thorax is 11 cm 
The shape of the heart is not abnormal, and the apex points downward and slightly 
to the left The anterior interventricular groove begins close to the left border 
and runs downward and to the left to reach the obtuse margin 1 5 cm above the 
apex The posterior groove also courses down to the left after beginning at the 
middle of the ventricular base Thus the anterior surface of the heart is made 
up almost entirely of the right ventricle, and the interventricular septum assumes 
a more coronal position than usual The right atrium is brought forward by 
the twisting of the whole heart and projects to the right of the large aorta, which 
arises midway between the middle of the base and the left border The very small 
pulmonary artery is not seen anteriorly It lies beneath the aortic arch, reaching 
the ventricles at the anterior interventricular groove, where it lies behind and to 
the left of the aorta 
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The right atnum is large, and the trabeculation, in front of the crista terminalis, 
IS coarse and hvpertrophied The orifices of the veins and the venous valves are 
normallj situated The fossa ovalis measures 3 by 6 mm and is functionally 
closed The right atrioventricular orifice has a circumference of 55 mm and bears 
anterior, posterior and medial leaflets The papillary muscles are large and normally 
situated The aorta arises from the extreme anterior and medial portion of the 
right ^entrlcle Immediately behind and medial to the aortic base is a moderate- 
sized ledge which arches over the ventricular base from the posterior border of an 
interventricular septal defect to the anterolateral right ventricular wall This 
ledge separates the aorta from the tricuspid valve, to which it is closely applied 
The septum ventriculorum presents an oval defect, measuring 7 by 4 mm in 
diameter, at its anterior upper portion, which is directly beneath the posterior 
half of tlie left side of the aorta From the anteroinferior margin of the defect 
a mass of trabeculations, 1 8 cm wide and 2 5 cm long, runs down the right side 
of the septum and then turns anterolaterallj to reach the anterolateral ventricular 
wall, where it gives rise to the anterior papillary group of muscles The medial 
papillary muscle arises from the medial portion of the posterior margin of this 
ledge 

The aortic vahe measures 35 mm in circumference and has right lateral, left 
anterior and left posterior cusps From the sinus of the latter opens the single 
coronary artery, which immediately branches The left branch winds behind and 
around the left side of the pulmonary artery to reach the anterior longitudinal 
groove, where it forms the anterior descending branch The right branch winds 
about the aorta to reach its right side and then courses in the posterior coronary 
sulcus, where it ends as the posterior descending artery 

The left atrium, the orifices of the pulmonary vein and the left atrioventricular 
valve are not remarkable The valve is bicuspid, measures 30 mm m circum- 
ference and IS connected to markedly hypertrophied papillary muscles in their 
usual position The base of the medial leaflet runs up through the defect m the 
interventricular septum to the left posterior cusp of the aorta The opening of 
the pulmonary artery into the \entricles cannot be seen On opening the pulmonary 
artery toward the ventricle there is disclosed a valve measuring 15 mm in circum- 
ference and bearing three small delicate cusps situated posteriorly and anteriorly 
on the right and on the left For 3 mm below the valve the pulmonary artery 
courses through muscle toward the left, to end in a pocket which communicates 
through a pin-sized opening with the extreme anterior portion of the left ventricle 
Thus the pulmonaiy artery, which at first appears to be directed to the right ven- 
tricle (to the right of the anterior descending coronary artery), courses through the 
musculature to end in the left ventricle The branches of the great vessels are not 
remarkable The ductus arteriosus admits a 1 mm probe 

This case demonstrates the manner m which the next two types may 
be formed The aorta now arises almost entirely from the right ven- 
tricle, and the septal defect is unusually small In accordance with the 
variations shown thus far by the senes of cases, one would next expect 
the total emancipation of the aorta from the left ventricle This implies 
obliteration of the left ventricular aorta and the complete assumption of 
Its functions by the reopened right ventricular aorta The resulting 
simple transposition of the aorta from the left to the light ventricle is 
characteristic of type 2 ti ansposition 
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In the fiist senes of cases the pulmonary aiteiy has become progres- 
sively narrowei because of the moie sagittal dnection and hypei trophy 
of the crista supi aventnculai is The limit of this process was seen in 
case 5, where the crista and the tiue anterior septum had fused to a 
composite septum If, now, the tiue anteiioi septum should regress, the 
ciista supraventnculans might take over its functions, since it is placed 
in the usual position of the anteiioi septum and since it has the necessary 
septum-building potentialities, as demonstrated in case 2 

In case 6 a heavy ledge courses down the right side of the inter- 
ventriculai septum between the pulmonaiy aiteiy and the aorta Other 
theories cannot account for the piesence of this band of trabeculations 
in the conus arteiiosus of the right ventricle According to the theory 
of Spitzer, the crista suprar^entncularis should occupy this position 
between the great vessels The anterior mterventi icular septum in this 
case must therefore be a composite one, made up of the crista to the 
right of, and the true anterior septum to the left of, the markedly stenotic 
pulmonaiy aiteiy The partial regression of the left portion is shown 
by the termination of the artery m the left ventricle Complete regres- 
sion would place the artei}^ entirely m a left ventricle, giving rise to a 
type 3 transposition An indication of the probability of these deduc- 
tions is present m the position of the anterior descending coronar}'’ 
artery, which marks the left border of the composite septum and is situ- 
ated to the left of the pulmonary arteiy Moieover, on the right, the 
inferior portion of the septal ledge courses, as the tiabecula septo- 
margmahs, to the anterior papillary muscle of the tricuspid valve 

The muscle band which is situated between the aorta and the anterior 
tricuspid leaflet resembles the normal crista supraventnculans and has 
frequently been assumed to be this However, it is not homologous to 
the crista The reasons for this and Spitzer’s explanation of its origin 
from the right portion of the bulboatrial ledge have already been given 

TYPE 2 SIMPLE TRANSPOSITION OP THE AORTA 

Case 7 (fig 8) — Marked hype) ti ophy of tight ahmm and veiitiicle, peisistenf 
ostium ptimum, ahesm of initial valve, aplasia of left vcntiicle, normal pulmonaiy 
aiteiy, aiiesia of proximal poition of aorta, foimatioii of the coioiiaiy arteiies and 
aoitic aich fiom ductus ai teriosus, maiked hypei trophy of ciista supraventnculans 
to foim accessoiy pulmontc chamber, abnormal coionary sinus, fetal endoeaiditis 
of the mitral valve 

An 8 day old boy appeared normal until twelve hours before death, when he 
began to suffer from labored respirations and severe cyanotic attacks Physical 
examination showed cyanosis, cold extremities, signs of pneumonia at the bases 
of the lungs and a systolic murmur, best heard at the base of the heart At autopsy 
the following additional observations were made terminal bronchopneumonia, 
acute splenitis and visceral congestion 

Sections through the atretic mitral valve show marked thickening of the endo- 
cardium The normal course of the fibrous bundles is distorted, and the endocardium 
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IS unusuallj cellular Numerous collections of lymphocytes, interspersed with 
neurophils and occasional eosinophils, arc scattered in the neighborhood of the 
valve and the adjacent coronary sulcus Many of these collections are in close 
relation to the blood tessels, which are moderately congested The tissue of the 
coronary sulcus and the base of the valve are unusually well vascularized The left 
ventricular endocardium is not remarkable save foi thickening Sections through 
the right and the left ventricular mvocardium show only moderate congestion and 
slight edema 

The heart weighs 32 Gm (normal weight, 18 Gm ) It is roughly semicircular 
m shape and lies with its long axis to the lett The acute margin is long and 
curved, forming the right lateral, inferior and S mm of the lower left border 
The short obtuse margin runs down and to the left The anterior and posterior 
coronary vessels course down very close to the left border, cutting off a small 
segment of the heart, this measures approximately 5 mm in diameter Thus, 
externally, the heart seems to consist principally of right ventricle The upper 



Fig 8 (case 7) — The ventricular cavity is viewed from below and anteriorly 
P indicates the pulmonary arterj% A, the point of origin of the atretic aorta, 
C, the crista supraventnculans , T, the tricuspid valve , R, the right atrium, and 
L, the site of the slitlike left ventricle in the cardiac wall 

anterior portion of the heart is bulged forward to form a prominence which gives 
rise to a large pulmonary artery situated in the center of the cardiac base The 
aorta cannot be seen The atria are entiiely on the right side of the heart save 
for a small appendage which piojects forward to the left of the pulmonary artery 
The right atrium is a very large chamber, measuring 35 by 25 mm , in contrast 
to 15 by 10 mm for the left atrium Its walls are 2 mm thick and are heavily 
trabeculated The superior and inferior venae cavae open into the extreme pos- 
terior and left portion of the right atrium, opposite one another The eustachian 
valve divides into a very small semilunar valve guarding the orifice of the coronary 
sinus and a portion is inserted into the inferior part of the interatrial septum 
The orifice of the coronary sinus is of pinpoint size The coronary sinus 
divides immediately into a small coronary sinus proper, a small posterior inter- 
ventricular vein and a much larger right cardiac vein The last enters the 
atrium through an unguarded 3 mm orifice at the anterolateral border just 
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beneath the auricular appendage Apparent!}' the right cardiac vein has taken 
over the function of the coronary sinus and opens independently into the atrium 
The interatrial septum is present as a crescentic structure on the posterior and 
inferior walls of the atria It runs obliquely from a left posteiior to a right 
anterior position and leaves a large defect anteriorly, measuring 33 mm in circum- 
ference The atria are functionally a single cavity In the posterior remnant of 
the septum, above the insertion of the eustachian valve, is a small oval depressed 
area, measuring 3 mm in diameter, which is guarded by a slightly raised edge 
anteriorly and inferiorly In the base of this depression is a pinhcad-sized opening 
which leads past a crescentic flap on the left side of the septum to open into 
the left atrium This area corresponds in position and form to the true fossa 
ovalis The large interatrial defect is an accessory foramen, probably a persistent 
ostium primum Ihe right atrioventricular orifice measures 17 mm in diameter 
The cusps, of approximately equal size, are situated in anterior, lateral and medial 
position The anterior and posterior papillary muscles are normal The medial 
cusp IS bound directly by chordae to the left wall of the ventricle The large 
anterior portion of the right \ent4'icle gives rise to the pulmonar}' arterj at its 
summit A very heavy ledge, 1 cm deep, runs from the left anterior wall of 
the ventricle backward, upward and laterall}' behind the pulmonarj' orifice and in 
front of the anterior tricuspid leaflet to reach the lateral wall of the ventricle, 
where it is lost in the region of the anterior papillary muscle From the anterior 
papillary muscle another moderately large ledge runs along the inferior portion 
of the ventricle, opposite the first ledge, to reach the left wall of the v'entricle 
close to the origin of the first ledge The former corresponds in position to the 
crista supraventricularis and the latter to the trabecula septomarginalis Together 
they form an abortive septum which separates the outflow from the inflow portions 
of the right ventricle The pulmonary artery measures 10 mm in diameter at 
the valve, which contains posterior, left and right cusps The pulmonary artery 
courses straight upward, giving off the right and the left branch, and is then 
continued into a wide ductus arteriosus to form the descending porta Proximal 
to this junction there is a small vessel which courses down toward the ventricle 
to form the arch of the aorta, which gives off the usual vessels It is intimately 
connected to the pulmonary artery by fibrous tissue and at the ventricular base 
IS located right and posterior to that vessel Near the heart the small vessel 
bifurcates into two coronary arteries From the bifurcation a small fibrous cord 
runs into the right ventricular muscle to become lost in the region between the 
crista supraventricularis and the anterior tricuspid leaflet 

The left atrium is small, measuring 15 by 10 mm It receives the four pul- 
monary veins at its medioposterior portion The only outflow from this atrium 
IS through the interatrial defect into the right atrium The left atrioventricular 
orifice IS represented by a small dimple in the floor of the left atrium Beneath 
this dimple, in the left wall of the single ventricle, is a blind endothelium-lined 
space, which measures 1 by 2 mm in diameter and 5 mm in length The portion 
■of the left wall of the heart (and right ventricle) which contains this space is 
demarcated from the rest of the ventricular walls by the anterior and posterior 
descending coronary arteries This small space, therefore, represents a left ventricle 
which has been almost completely obliterated The only ventricle which is func- 
tioning has the configuration of the normal right ventricle The niche between 
the crista supraventricularis and the anterior tricuspid leaflets, however, leads not 
to a blind pocket but to a fibrous cord marking the beginning of the atretic aorta 
The coronary arteries have essentially the normal course and distribution 
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The heait in case 7 is an example of a cor biatuatum pseudo- 
tnloculare resulting fiom atresia of the initial valve and almost complete 
disappearance of the left ventiicle The lemainmg chambei should show 
the vaiious structures of the light ventiicle with unusual clarity, and the 
configuration of that chamber should be theoi etically explicable as the 
lesult of the disappeai ance of all left ventiicular formations, including 
the normal aorta Actually the heart shows marked hypertrophy of the 
crista supiaventiicularis and tiabecula septomaiginahs These form a 
paitial septum behind the pulmonary aiteiy The conus and pulmonaiy 
valve aie apparently noiinal Howevei, the niche between the crista 
supraventriculans and the anterioi tricuspid valve leaflet leads not to 
an empty pocket as in the noimal heait but to a flbious cord which 
marks the oiigin of the atietic aorta 

It has formerly been assumed that an early closure of the initial valve 
would cause the aorta to seek an entrance into the right ventricle because 
of the preaortic deviation of blood The sequence of events can be partly 
explained by the theoi y of Rokitansky A displacement of the ven- 
tricular septum to the left end of the fused atnoventnculai cushions 
because of the left ventricular atrophy incident to the mitral atresia 
might prevent the final transfei of the aoita from the right to the left 
ventricle However, since the theoi y implies an independence of the 
truncus and ventricular septums, a deviation of the ventricular septum 
alone should not change the position of the truncus septum and cause 
the aorta to assume a position posterior to, and to the right of, the 
pulmonary artery One would expect to find both trunks arising from 
the right ventricle in nonnal relation to each othei A similar aigument 
IS valid even though one postulates an eccentric position of the truncus 
septum as a result of the diminution of blood flow thiough the aorta. 

The explanation, according to the theory of Spitzer, is so obvious 
as to make the condition appear to be one of nature’s excellent experi- 
ments The defect in the interatrial septum and the disappearance of 
the left ventricular aorta follow the mitral atresia because of the mechan- 
ical changes in blood flow The obliterative process m the right ven- 
tricular aorta should cease, since that vessel must remain open to take 
care of the markedly increased blood flow through the right ventricle. 
For the same reason, the pulmonary artery should be wide and the valve 
tricuspid, in contrast to the usual stenotic conditions m type 1 and type 
2 transposition 

The details of the final structure of the heart would depend on the 
time in development at which the mitral atresia or stenosis occurred. 
If this took place before the obliteration of the right ventricular aorta, 
the result should be a simple transposition of a patent aorta Atresia 
occurring when the right aorta was almost entirely closed should cause 
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simple transposition of an atretic aorta This is shown by case 7 Mitral 
atiesia aiising after this tune should result in an atietic or patent aorta 
in 1101 mal position 

Two examples of mitral atresia combined with simple ti ansposition 
of a patent aoi ta were found in the collection at the Children’s Hospital 
These illustrate the first of the four possibilities mentioned 

Case 7 a — A 9 day old boy showed micrognathia, cleft palate, bilateral megalo- 
ureters and numerous other congenital anomalies 

The aorta, measuring 22 mm in circumference at the valve, arises to the right 
of the somewhat larger pulmonary arteiy Both great vessels issue from a markedly 
enlarged right ventricle The interior of the right ventricle shows a crista supra- 
ventriculans in front of the aorta, separating the latter from the pulmonary artery 
Behind the aorta is the anterior leaf of the tricuspid valve The right atrium is 
three times as large as the left and communicates with it through a foramen ovale, 
measuring 3 by 7 mm The left ventiicle is a small slithke space in the wall of 
the heart It lies directly beneath a small dimple in the floor of the left atrium, 
which represents the atretic mitral valve The two ventricles communicate through 
a 1 mm defect opening into the most posterior portion of the right ventricle 
Proximal to the insertion of the ductus arteriosus there is a marked degree of 
aortic coarctation 

Case 7 b — The patient was a 4 day old girl with bilateral choanal atresia 

The heart is almost an exact duplicate of the preceding example The positions 
of the vessels and the relative dimensions of the atria and \entricles are similar 
The foramen ovale measures 1 S cm in diameter Each of the gieat vessels has a 
circumference of 20 mm The aorta has the same position between the crista 
supraventricularis and the anterior leaflet of the tricuspid valve In addition to 
a defect leading from the shtlike left ventricle into the posterior portion of the 
right ventricle, there is another 1 mm defect which leads into the subaortic region 
on the right 

In the foregoing discussion it has been assumed that the appearance 
of the mitral anomaly preceded the changes in the aoita This assump- 
tion IS strengthened by an examination of the incidence of the two 
anomalies It is well known that mitral atiesia is veiy uncommon as 
compared with ti ansposition of the great vessels If the two anomalies 
wei e totally unrelated, one Avould expect the combination to be extremely 

14 Kung reported a case of mitral atresia with an atretic left-chambered aorta 
and criticized Spitzer’s theory on the ground that the right ventricular aorta should 
have reopened It is interesting to note that Spitzer answered the objection by 
maintaining that only through detorsion, which places the heart in an earlier 
phylogenetic position, can the atavistic right ventricular aorta be reopened Mitral 
atresia is not necessarily associated wuth such detorsion We prefer the explanation 
given m the foregoing text, however, since all the anticipated variations in the 
position of the aorta have been reported (The cases of Jost, Frankel and 
Monckeberg, and Donnally show the aorta m normal position ) It must be noted 
that the time of obliteration of the light ventricular aorta refers not to actual 
closure of the vessel but to the stage in ontogeny after which detorsion can no 
longer lead to the development of that aorta 
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rare indeed Fiutheimoie, if transposition pieceded and caused the 
initial anomaly, a large pioportion of cases of ti ansposition should show 
initial atresia Neither conclusion is true On the contiaiy, it is found 
that in an unusuall} laige piopoition of cases initial atresia is asso- 
ciated with some foim of ti ansposition , 8 of 12 cases leviewed by 
Dudzus and 6 of an additional 13 cases recorded in the literature 
definitely shoncd ti ansposition of the aorta in association with mitral 
atresia The logical assumption is, theiefoie, that the maiked fiequency 
of this association is due to a causative lole of the mitral atresia 

In addition, case 7 shows definite fetal endocaiditis m the neighbor- 
hood of the mitral valve Unfoitunately, it was impossible, either fiom 
the microscopic examination or from the history of the pregnancy, to 
determine the age of the inflammatory process For this leason, no state- 
ment concerning the relation of the endocarditis to the ti ansposition or 
to the mitral atresia can be made, although speculation naturally turns 
to the possibility of initial endocarditis acting as the first in the chain 
of events leading up to the developmental anomaly of ti ansposition No 
lepoit of a similar combination of definite nonsyphihtic fetal endocaiditis 
and transposition could be found 

TYPE 3 COMPLETE TRANSPOSITION OF THE GREAT VESSELS 

Case 8 — Hypo ti ot>Jty of hcait, mtact mtoatnal septum, small mto venincular 
septal deject, patent ductus attetiosiis, complete transposition of great vessels, 
normal pulmonary valve, lotaiion of coi onarv-beanng aottic sinuses 

A 454 month old boy was well until the age of 2 months He then began +0 
have feeding difficulties and failed to gain weight After that he showed dyspnea, 
cyanosis, cardiac hypertrophy, precordial systolic murmur and mild hepatomegaly 
At autopsy the following additional observations were made acute interstitial 
bronchopneumonia, multiple hemorrhages in the right parietal cerebral cortex and 
chronic passive congestion of the viscera Microscopic examination of the heart 
showed moderate interstitial edema and slight degenerative changes in the subendo- 
cardial myocardium 

The heart is rounded and is greatly enlarged in all diameters The apex is 
blunt and points downward and slightly to the left The posterior interventricular 
groove is well marked, running down and to the left Three coronary arteries 
descend on the anterior surface of the heart The mam coronary artery passes 
downward and to the left, reaching a point just to the left of the apex, 8 mm to 

15 In the analysis of cases of mitral atresia it is necessary to include those 
hearts showing bulboventricular inversion and atresia of the right (mitral) atrio- 
ventricular orifice The cases reported by Hedinger, Caspar, and Abbott and 
Moffatt fall into this category Conversely, examples of bulboventricular inversion 
with atresia of the left (tricuspid) atrioventricular valve must be excluded The 
case of Hu and possibly that of Dudzus show this condition (see also case 17 of 
this senes) As pointed out by Monckeberg, the final determination of the inversion 
in doubtful cases must rest on the character of the atrioventricular bundles, since 
the anterior leaflet of a mitral valve may be split and thus make the valve appear 
tricuspid 
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the right of this is the middle, almost equally large artery, which runs down 
parallel to the first The right artery is the smallest It is 6 mm to the right 
of the second but extends only three quarters of the way down the surface of the 
ventricles On opening the heart it is found that the first artery is situated to 
the left of the interventricular septum, that the second is directly over it and 
that the third is slightly to the right of the septum The aorta arises to the 
right of all three coronary arteries, while the equally large pulmonary artery 
arises from the space between the middle and the left coronaiy artery, posterior 
and to the left of the aorta The aorta and the pulmonary arteiy pursue parallel 
courses directly upward 

The right atrium and right ventricle are more prominent than usual The 
foramen ovale is functionally closed but shows a small slitlike opening anteriorly 
The venous valves are well marked, and the veins enter in their normal positions 
The right atrioventricular valve is tricuspid The medial cusp is larger than 
usual, but no medial papillary muscle can be seen The attachment of the medial 
cusp IS directly to the interventnculai septum The other papillary muscles are 
not remarkable 

The tricuspid valve measures 55 mm in circumference, and the right ventricular 
wall measures 6 to 7 mm in thickness The aorta arises from the extreme left 
anterior and superior portion of the right ventricle Beginning on the interven- 
tricular septum IS a ledge {A) which passes posterior to the aorta and anterior 
to the tricuspid valve to run laterally across the ventriculai wall and be inserted 
at the origin of the anterior papillary muscle Between this and the anterior 
tricuspid leaflet is a niche which leads up to a 3 by 4 mm defect in the upper 
midportion of the interventricular septum, corresponding m position to the usual 
location of the membranous septum The aortic valve has three normal cusps — 
right anterior, posterior and left anterior The sinuses of the latter two bear 
the coronary orifices From the posterior cusp a poorly defined band of trabecula- 
tions (T) 16 courses vertically down the septum to branch and becomes lost 
in the midportion of the septum This crosses anterior to tlie ledge previously 
described 

The left atrium, pulmonary veins, bicuspid valve and papillary muscles are not 
remarkable The pulmonary artery arises from the extreme anterior and right 
portion of the left ventricle It contains normal right posterior, left posterior and 
anterior cusps The pulmonary valve measures 30 mm in circumference, in contrast 
to the aortic measurement of 25 mm Five millimeters below the right posterior 
cusp of the pulmonary valve is the interventricular defect The medial cusp of 
the mitral valve has the intimate relation to the posterior cusp of the pulmonary 
artery as it normally has with the corresponding cusp of the aorta A band, 
measuring 2 mm in width, courses on the left side of the septum from just below 
the interventricular defect, horizontally and slightly downward, to the anterior 
ventricular wall This demarcates a smooth superior portion of the septum 
from a rougher inferior area Above the left anterior cusp of the aorta are two 
coronary openings The one to the right gnes rise to the extreme right, or 
third, anterior descending coronary artery, previously described The latter gives 
off a right circumflex branch which passes m front of the aorta and ends m the 
posterior descending artery The left orifice m the left anterior aortic smUs 
leads only to the middle of the three anterior descending arteries The vessel 
from the posterior aortic sinus winds around behind the pulmonary artery to reach 
the coronary sulcus between the pulmonary artery and the left atrium Here 


16 See discussion, pages 446 and 447 



HARRIS-FARBER—CARDIAC VESSELS 


473 


It branches into a left circumflex aitery, which passes back to the right in the 
posterior coronary sulcus, and to the largest, left anterior descending artery The 
brandies of the great Acssels are not remarkable The right pulmonary artery 
passes beneath the aorta It gives off a ductus arteriosus which admits a 1 
mni probe 

Case 9 — Cardiac hy pci trophy, open jot amen ovale, small mtei ventneular septal 
defect, closed ductus aticnosus, complete it ausposition of great vessels, rotation of 
coronary ottfices, paitial itanspostlion of cotonaty arteries 

An 8 month old boy had cyanotic attacks and faded to gain satisfactorily from 
the time of birth Physical examination showed dilated veins in the scalp, deep 
ulcers in the buttocks, slight cardiac enlargement, precordial systolic murmur, 
undescended testicles and spastic diplegia At autopsy the following additional 
conditions were observed atelectasis and fibrosis of the right lung, chronic broncho- 
pneumonia, multiple pulmonary abscesses, visceral congestion, thrombophlebitis 
of the longitudinal and left sigmoid sinuses and infarction of the right cerebral 
hemisphere Histologically the heart was found not remarkable 

The heart is enlarged, measuring 8 cm in its greatest transverse diameter, m 
contrast to the transthoracic diameter of 12 cm The anterior interventricular 
groove IS closer to the left border of the heart than usual The posterior groove is 
also nearer the left border, so that the right lentricle appears to be much larger 
than the left The upper anterior portion of the right ventricle shows a rounded 
prominence from which the aorta arises It is approximately m the center of the 
cardiac base The pulmonary artery is posterior to and a little to the left of 
the aorta Both vessels are of approximately equal size and course straight upward 

The right atrium is greatly dilated The veins enter in their usual position, 
but the venous valves are rudimentary The fossa ovalis is large, measuring 17 
by 20 mm The anterior wall of the limbus is well marked, but the posterior is 
barely discernible The fossa is closed posteriorly by a septum which has a free 
crescentric anterior border, leaving a defect in the interatrial septum, measuring 
2 by 14 mm This space is divided by a small band The right atrioventricular 
opening is large, measuring 50 mm m circumference It bears three cusps of 
almost equal size The papillary muscles are not remarkable In the postero- 
supenor portion of the muscular interventricular septum is an oval defect, measuring 
6 by 4 mm This is situated below the medial tricuspid leaflet in the posterior, 
or inflow, portion of the right ventricle The defect leads into the posterior part 
of the left ventricle at a point two thirds of the distance from the apex to the 
base One centimeter above and slightly anterior to the defect is an intact mem- 
branous septum, which is in the usual position The defect is therefore in the 
posterior septum of Rokitansky The aorta enters the anterior portion of the right 
ventricle in the region of the prominence noted on the surface The circumference 
of the valve is 30 mm , and the cusps are situated m posterior, left anterior and 
right anterior positions The posterior base of the aorta is defined by a moderate- 
sized ledge (A) which begins at the anterior border of the interventricular 
septal defect, arches across the right ventricular base just behind the aorta and 
then runs laterally to reach the anterior papillary muscle It courses in front of 
the anterior tricuspid leaflet, leaving a shallow niche which leads up to the unde- 
fended space of the septum Beginning at the medial side of the base of the aorta, 
a heavy band (T) i® courses down the septum before turning laterally to reach 
the anterior papillary muscle of the tricispid valve The band is 10 mm wide, 

6 mm deep and 24 mm long The posterior portion of this wide ledge gives rise 
to a large medial papillary muscle and to numerous chordae to the anterior and 
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medial tricuspid leaflets The ledge is massive, and onlj a small space remains 
between it and the group of papillari muscles through which the blood must pass 
to reach the aorta 

The left atrium, pulmonary veins, mitral orifice and bicuspid valve are not 
remarkable The anterior papillarj^ muscle is inserted toward the left lateral wall, 
so that the A'alve runs more diagonally left and forward than usual The inter- 
ventricular septal defect may be seen in front of the posterior papillary muscle 
which arises at the angle between the septum and the posterior wall of the ventricle 
The pulmonary artery takes origin from the anterosupenor poition of the left 
ventricle and is guarded by three valve cusps situated in anterior, right posterior 
and left posterior positions Below the right posterior cusp is the membranous 
septum The anterior and left posterior cusps ai e in intimate relation to the medial 
cusp of the mitral valve The branches of the aorta and pulmonary artery are 
not remarkable The ductus arises from the left pulmonary artery but is not 
patent One coronary artery arises from the space above the junction of the pos- 
terior and left anterior aortic cusps It runs forward and to the left between 
the aorta and pulmonary arterj' It then turns to the right in the anterior coronarj' 
sulcus and branches to give small vessels which descend over the anterior right 
ventricular wall and a small right circumflex artery which gradualh disappears 
in the coronary sulcus In the posterior aortic sinus is a very large coronarv' 
orifice This coronary artery dmdes almost immediately into a left superior 
and a right inferior branch The former winds around behind the pulmonary 
artery and then passes in front of it to form the anterior descending coronarj 
artery It also gives off the left circumflex artery which supplies the posterior 
portion of the left ventricle The right inferior branch forms a large right circum- 
flex artery which appears in the coronary sulcus between the aorta and right atrium 
It supplies the posterior surface of the right ventricle and ends in the posterior 
descending artery The anterior descending coronary artery is situated just to 
the left of the massive interventricular septum 

Case 10 — Caid%ac enlargement, open fotamen ovale, imnute mfcivenfncula> 
septal defect, closed ductus arteriosus, complete Uanspositwn of gteat vessels, 
lotatwn of coionary aitety oufices, paihal ftansposthon of coionaiv aitenes and 
mild degi ee of aoi tic coat ctation 

A 35 day old boy showed extreme cyanosis at birth and severe attacks of 
cj anosis till death A faint systolic murmur was first heard at the age of 3 weeks 
The murmur increased in intensity until death For two weeks prior to death the 
patient showed peripheral edema, pulmonary congestion and severe cyanosis The 
autopsy was limited to a gross examination of the heart 

This heart is very similar to that described in case 8 It is large and rounded, 
with a blunt apex Two coronary arteries, of moderate size, run down the anterior 
surface of the ventricles close to the left border The left and larger of these two 
arteries bounds the left side of the interventricular septum, while the smaller, 
right vessel is situated over the right side of the septum The posterior inter- 
ventricular sulcus and the descending branch of the coronary artery run down 
the middle of the posterior aspect of the heart The aorta emerges from a 
prominence at the medial superior portion of the anterior aspect of the right 
ventricle To the left of the aorta and posterior to it is the pulmonary artery 
Both arteries are small and course directly upward 

The right atrium is large, measuring IS by 15 mm The venae cavae, coronary 
sinus, eustachian valves and thebesian valves are normal The foramen ovale is 
closed by a membrane, which is latticed in its anterior portion and which affords 
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a small entrance into the left atrium, 8 mm in diameter The tricuspid valve 
measures 35 mm in circuinfeience and bcais three cusps in noimal positions The 
aorta arises from the outpocketmg of the right ventricle previously noted This 
pouch and the posterior base of the aorta are demarcated by a ledge (A) which 
arises high up on the septum medially and arches across the base of the ventricle 
posterior to the aorta It then turns laterally to reach the anterior papillary 
muscle of the tricuspid \ahc Between this and the anterior tricuspid leaflet, which 
lies directh behind it, is a niche which leads up to a pinpoint opening in the 
\cntricular septum The aortic lalve measures 18 mm m circumference and con- 
tains an anterior, right posterior and left posterior cusp Above the latter two 
cusps arc the coronarv orifices Extending down from the left posterior cusp is a 
trabecular band (7) which courses down the interventricular septum and crosses 
the origin of the ledge previously described It disappears approximately two 
thirds of the waj down the septum 

The left atrium receives the four pulmonary veins and leads into the ventricle 
through a normal opening guarded bj a bicuspid atrioventricular valve, 35 mm 
m circumference The pulmonary arterj arises from the anterior right portion of 
the left ventricle and is guarded bj a tricuspid valve The cusps are situated 
in posterior, left anterior and right anterior positions The anterior cusp of the 
mitral valv'e is separated from the pulmonary artery by a small area of muscle 
on the ventricular base Below the right side of the pulmonary artery is the 
pinpoint-si7ed interventricular septal defect The remainder of the septum is 
smooth and intact The coronar> artery arising from the left posterior aortic 
sinus gives rise to the two anterior descending coronary arteries and to a left 
circumflex branch, all of which course anterior to the pulmonary artery The 
other main coronary arter> arises in the right posterior aortic sinus It forms 
the right circumflex branch and ends as the posterior descending artery The 
aorta narrows to a circumference of 14 mm after it gives off the three mam 
branches from the arch but widens to a diameter of 16 mm distal to the ductus The 
ductus arteriosus is not patent 

Case 11 — Mai Led caidtac hypertiophy, functionally closed fotanien ovale, 
mtact mterventncnlar septum, patent dnctiis arteriosus, complete ti anspositwn of 
great vessels, rotation of coronaiy aiteiy oripces and complete transposition of 
the coronaiy aiteiies 

A 4 week old girl had difficulty in feeding, a feeble cr> and cjanotic attacks 
from the time of birth Several hours before death, marked cj anosis, orthopnea and 
dyspnea appeared Physical examination revealed cyanosis, tachycardia, cardiac 
enlargement to the left, gallop rhythm, mild hepatomegaly and cold extremities 
No murmurs were heard 

At autopsy the following additional observations were made acute interstitial 
bronchopneumonia with areas of atelectasis and emphysema, fatty infiltration 
of the liver and general visceral congestion Microscopic examination of the heart 
showed marked congestion, mild scattered vacuolation and a coarse granular 
appearance of muscle fibers The endocardium was found normal 

The shape of the heart is approximately normal The measurements are 6 5 
cm in vertical diameter, 5 cm in horizontal diameter and 9 cm from base to 
apex It lies almost transversely m the thoracic cavity, and the anterior inter- 
ventricular groove runs downward and to the left The right auricular appendage 
IS very prominent at the right superior portion of the heart 

The right atrium is not remarkable except for hypertrophy It receives the 
venae cavae and the coronary sinus in normal positions The interatrial septum 
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IS intact The right atrioventricular orifice measures 42 cm in circumference 
and bears normal anterior, medial and posterior cusps The anterior papillary 
muscle IS large and bifid The aorta arises as a large vessel from the left anterior 
portion of the right ventricle Behind and to the left of this is the equally large 
pulmonary arter}", which leaves the left ventricle Both arteries course directly 
upward The aortic valve measures 28 mm m circumference and bears right 
posterior, left posterior and anterior cusps A moderately heavy muscle ledge 
takes origin from the right side of the interventricular septum and passes upward 
and laterally behind the aorta to reach the right anterior portion of the ventricular 
wall near the insertion of the anterior papillary muscle {A) From the anterior 
papillary muscle of the tricuspid valve a muscle band runs down toward the 
apex and then over to the septum to join it two thirds of the way from the apex 
to the base (T) It then proceeds upward on the septum to reach the left 
posterior cusp of the aorta These two ledges form the boundary between the 
anterior or aortic poition of the right ventricle and the posterior or tricuspid 
portion The interventricular septum is intact and contains a completely closed 
membranous portion in the same position in relation to the pulmonary artery and 
tricuspid valves as it normally has to the latter and the aoita 

The left atrium is smaller than the right It receives the four pulmonary 
veins m normal positions and leads into the ventricle past a bicuspid valve, measur- 
ing 35 mm in circumference The cusps are normally situated The pulmonary 
artery arises from the anterior right portion of the ventricle The valve measures 
30 mm in circumference and has right, left anterior and left posterior cusps One 
coronary artery arises in the right posterior aortic sinus and emerges between the 
aorta and the right atrium to form the right circumflex and posterior descending 
arteries The second coronary artery arises above the left posterior aortic cusp 
and branches in front of the pulmonary artery to form the anterior descending 
artery, the left circumflex and several small branches which course down the 
surface of the left ventricle The anterior descending artery is situated directly 
over the interventricular septum The pulmonary artery and the aorta give off the 
usual branches They are joined by a short patent ductus arteriosus, which has 
a diameter of 4 mm 

Cases 8, 9, 10 and 11 are examples of type 3 transposition, in which 
the aorta emerges from the right ventricle and the pulmonary artery 
from the left The greater degree of detorsion postulated for this type 
IS evident in the decreased spiraling of the great vessels and the greater 
counterclockwise rotation of the orifices of the coronary arteries The 
left ventricular aoita has been obliterated, and the right aorta has 
reopened As a result of the counterclockwise detorsion the crista supra- 
ventriculans has been placed in the usual position of the true anterior 
interventricular septum The crista thus lies in the same plane as the 
posterior portion of the true anterior interventricular septum The 
crista has, therefore, hypertrophied to form a false anterior septum 
The anterior portion of the true septum has disappeared, and the pul- 
monary valve has regained the tricuspid condition 

These cases show a peculiar ledge which couises down the right side 
of the septum from the base of the aorta In the description, this ledge 
has been designated by the letter T It appears that a clue to its nature 
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IS given b} case 11 Heie the ledge is moie cleaily defined and is seen 
to run fiom the anteiioi papillaiy muscle of the tucuspid valve to the 
posterior supeiioi poition of the false antenoi septum The latter posi- 
tion theoi eticall} coriesponds to the oiigmal medial oi septal margin of 
the Cl ista supra\ enti iculai is m the noi mal heai t Thus, the ledge actually 
follows the course of the trabecula septomaigmahs proper from the 
anterior papillaiy muscle of the tiicuspid valve to the former septal 
origin of the ciista supi aventi iculai is It couises down and completes 
the false septum The shift to a moie sagittal and vertical direction of 
the tiabecula would result fiom the counterclockwise detorsion of the 
heart 

The ledge marked by the letter A in the text separates the rrght 
ventricular aoita from the anterior tricuspid leaflet It is thus in the 
position between the portions of the ventricles derived from the ascend- 
ing and descending primitive loops Accoidmg to Spitzer, it is the 
hypertrophied lemnant of the bulboatiial ledge The varying degrees of 
transposition of the coionai}’- arteries will be discussed later 

TRANSITION BETWEEN TYPES 2 AND 4 

Case 12 — Cardiac hypertrophy, piimtUve arrangement of chambeis and great 
vessels, patent foiamen ovale, left ventncular pi epondetance, viterventrtcnlar septal 
defect, acccssoty septum in light venincle which demai cates an aoitic chamber, 
Uansposition of great vessels, single cotonary aitery oiifice, stenosis of puhnonaiy 
artel y, fusion of piilmonaiv valve cusps 

A 1 jear old boy had shown marked cyanosis and attacks of dyspnea since birth 
Physical examination revealed acute otitis media on the right, marked cardiac 
enlargement and an inconstant systolic murmur along the sternum For twelve 
hours preceding death, the infant remained markedly cyanotic and dyspneic At 
autopsy the following additional observations were made terminal broncho- 
pneumonia, marked pulmonary interstitial emphysema, elongated sigmoid mesentery, 
large Meckel’s diverticulum and general mild visceral congestion Microscopic 
examination of the heart revealed marked congestion, edema, many pyloiotic nuclei, 
vacuolation and degeneration of the muscle fibers The endocardium was found 
not remarkable 

The heart weighs 90 Gm (normal weight for this age, 44 Gm ) It presents 
a transverse diameter of 7 cm and a vertical diameter of 7 cm , as compared with 
the transthoracic diameter of 14 cm The heart resembles a primitive cardiac 
loop in a striking manner (fig 9) The very large aorta, arching upward and 
to the left, begins at the extreme right uppei portion of the ventricle, so that 
the right border of the aorta forms a smooth curve with the acute margin of the 
heart A very small pulmonary artery takes origin to the left of and slightly 
behind the aorta To the left of both vessels are the auricular appendages The 
right atrium extends for a distance of 35 mm along the base Both auricular 
appendages project forward, side by side, over the base and down the left upper 
portion of the heart for a distance of 25 mm The left margin of the left auricular 
appendage lies directly over the obtuse margin of the heait Thus the anterior 
surface presents an oval shape The left side of the oval is made up of the obtuse 
margin and the upper margins of both auricles The right side is composed of 
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the acute margin and the right border of the aorta Posteriorly the same relation- 
ships hold, the aorta, pulmonary arter}', right atrium and left atrium comprising 
the base from right to left m that order The largest of the anterior coronary 
arteries passes downward from the midpoint of the base, which is located in the 
middle of the right atrium The largest of the posterior coronary arteries arises 
from the midpoint of the base between the atna and descends verticallj" 

The right atrium is ver}' large, measuring 30 mm in transverse diameter and 
45 mm m sagittal diameter (including the auricular appendage) It receives 
the venae cavae and coronary vein in normal positions and shows a slight con- 
striction m the right lateral wall, corresponding to the position of the aorta The 
interatrial septum contains a fossa ovahs, measuring 14 by 10 mm , which is 
partially covered posteriorly by a fenestrated membrane The three large openings 
in this membrane have combined diameters of 3 bv 9 mm The right atrio- 



Fig 9 (case 12) — ^Anterior surface of the heart A indicates the aorta, P, 
the pulmonary arterj”^, RA, the right atrium, and LA, the left atrium 

ventricular orifice is situated in the floor of the atrium just to the left of and 
slightly behind the great vessels It measures 60 mm m circumference and bears 
three cusps The left atrium is also very large, measuring 23 mm in transverse 
diameter and 40 mm in sagittal diameter (including the auricular appendage) It 
shows the foramen ovale and the openings of the four pulmonary veins m the usual 
positions The left atrioventricular opening is immediately to the left of and 
posterior to the right orifice It measures 40 mm in circumference and bears 
normal medioanterior and posterolateral leaflets The two papillary muscles are 
normally situated opposite each other on the ventricular walls near the left border 
of the heart 

The ventricle is divided into right and left portions by an incomplete septum, 
measuring IS mm in thickness, which runs in the sagittal plane through a point 2 
cm above the apex on the acute margin of the heart This position, owing to 
the obliquity of the acute margin, causes the right ventricle to be higher than the 
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left and makes the septum appear more extensive on the left side The septum 
extends up for a distance of 2 5 cm , leaving a round defect superiorly, measuring 
15 b\ 15 mm This opening is in the posterior superior portion of the septum and 
lies mediallj to the medial cusp of the mitral vahe To the right of the defect 
aic the medial and posterior leaflets of the tricuspid valve, while above it is the 
line of fusion of the alnoxentriculai rings The left ventricle is very large, measur- 
ing 40 mm in internal \ertical diameter and 20 mm in transverse diameter The 
walls arc 8 mm thick and show the fine trabeculation characteristic of the left 
Ncntricle The mitral valve is at the extreme left No great vessels issue from 
that ^entrlcle (fig 10) 

The right \entricle is small, measuring 20 by 20 mm (fig 11) It occupies 
the upper and right portion of the heart and is \eri' hea\ily trabeculated The walls 



Fig 10 (case 12) — The heart as viewed from the left The left ventricle and 
atrium have been opened A, indicates the aorta, M, the mitral valve, S, the 
true interventricular septum, and D, the interventricular septal defect The arrow 
proceeds through the defect into the pulmonary artery 

measure 10 mm in thickness The interventricular septum, owing to the obliquity 
of the acute margin, is very muoh less prominent than it was in the left ventricle, 
being only 10 mm in height It shows the defect in the extreme posterior portion 
of the ventricle The medial tricuspid cusp is fused to the anteiior border of 
the defect and is seen as an ii regular endocardial thickening The posterior tricuspid 
leaflet lies to the right of the defect and is partly attached to the anterior inferior 
border by chordae The large anterior cusp stretches from the junction of the 
anterior ventricular wall and the septum to the right posterior portion of the ven- 
tricular wall Both great vessels emerge from the right anterior part of the right 
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ventricle Between the atretic pulmonarj' artery and the aorta, parallel to the 
anterior tricuspid cusp, is a heavy ledge which takes origin near the anterior 
interventricular septum and courses back and to the right over the ventricular 
base to insert on the posterolateral wall This ledge measures 1 cm in height and 
IS as prominent as the ventricular septum when viewed from the right side It 
thus divides the right ventricle into a right, slightly anterior portion, -which gnes 



Fig 11 (case 12) — The heart view’ed from the right The right ventricle and 
aorta have been opened A indicates the aorta, C, the crista supraventricularis , 
T, the tricuspid valve, S, the true interventricular septum, and D, the inter- 
ventricular septal defect 

rise to the aorta, and a left posterior portion, which contains the atretic pulmonar 3 
arterj' and the tricuspid valve To the posterior border of this ledge is attached 
the ring of the anterior tricuspid leaflet A small conical papillari muscle is 
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inserted to the right of the anteromedial portion of the ledge Its single heavy 
chorda runs beneath the ledge to insert at the junction of the anterior and posterior 
cusps 

The aortic -vahe measures 40 mm in circumference and shows normally formed 
posterior, right anterior and left anterior cusps The pulmonary artery measures 
12 mm at the \ahe, but the lumen is closed by the fusion of the tips of the left 
anterior, posterior and right cusps The latter two cusps are entirely fused and 
demarcated only by a ridge in the sinus The pulmonary artery is attached 
to the left posterior side of the aorta b} fibrous tissue The right branch of the 
pulmonary artery passes beneath the aorta The ductus arteriosus is small, and 
measures 3 mm in diameter The branches of the aortic arch are not remarkable 

There is only one coronary orifice This is situated in the posterior sinus of the 
aorta The ^essel divides into anterior and posterior branches The former 
passes around the aorta to reach the anterior coronary sulcus, where it proceeds 
from right to left It gives off the right marginal branch and several twigs 
which pass down the anterior surface of the right ventricle None of these 
resembles the true anterior descending branch The posterior vessel passes 
behind the pulmonary artery and then goes from right to left in the posterior coro- 
nary sulcus as far as the left border of the heart It gives off branches which 
supph the posterior surfaces of the atria and ventricles The largest branch begins 
just to the right of the midpostenor surface and courses down to the apex directly 
over the position of the true interventricular septum Another large branch, given 
off near the left heart border, passes downward to the left and crosses the mid- 
point of the obtuse margin It supplies the lower left anterior portion of the heart 

Such a primitive arrangement as was observed m the structures of 
this heart has been noted but larely Abbott m 1927 cited the cases of 
Wenner and Birmingham, and Bredt reported 2 cases of his own 
Dunner and Kettler have described similar cases Apparently there has 
been but little torsion either of the ascending primitive cardiac loop 
about the descending portion oi of the great vessels about one another 
In consequence the mitial, tiicuspid, pulmonary and aortic valves are 
placed in that order from left to right in the ventricular cavity Kettler 
has given an explanation according to ontogenetic theories which places 
the cause of the malfoimation in an insufficient torsion of the cardiac 
loop so that the bulbus poition fails to migrate to the left and join 
correctly with the lemainder of the heart The presence of a transposi- 
tion, with an almost complete loss of the usual spiraling of the great 
vessels, apparently confirmed Kettler’s hypothesis 

In accord with the theory of Spitzer, this transposition would have 
to be placed as a transitional form between types 2 and 4 The defective 
true interventricular septum, clearly defined by the course of the pos- 
terior coronary artery, lies between the atrioventricular valves to the 
left of both great vessels If this had formed the only septum present, 
a simple transposition of the aorta (type 2) would have resulted How- 
ever, the right ventricle is divided by a semicircular ledge which separates 
the aorta from the pulmonary artery and the tiicuspid valve These 
relations, together with the assumption that a right ventricular aorta is 
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present, suggest that the ledge is denved fiom the anteiioi tricuspid 
ledge and the ciista supraventi iculai is, whose normal medial end is now 
directed to the light because of the maiked detorsion of the heart Were 
this ledge to hypei ti ophy and the i udiment of the true septum to vanish, 
a transposition of the tricuspid valve, in addition to a complete trans- 
position of the gieat vessels, should result This will be seen in case 13 

The difterence between Spitzei’s concept of torsion and that of othei 
writers is most clearly seen m this case According to the older explana- 
tions, the lack of torsion resulted simpl)’’ and directly, in a geometric 
fashion, in both the transposition and the failure of the bulbus to migiate 
to the left of the light atrium Accoiding to Spitzer, the lack of torsion 
conditions a whole senes of mechanically and phylogenetically deter- 
mined events by the methods previously descnbed — the closure of the 
left aorta, the leopenmg of the right aorta, the regiession of the true 
mtei ventricular septum, the h}'-pertrophy of a false septum and the 
stenosis of the pulmonai}'^ artei}'^ 

TYPE 4 TRANSPOSITION OF THE GREAT VESSELS AND OF THE 

TRICUSPID VALVE 

Case 13 — Slight caidtac hypefhophy, defective viteiahial septum, infei-ven- 
tnctdar septal defects, ti anspositwn of gieat vessels and of incnspid valve, stenosis 
of pulmonary attery, U anspositwn of coionaiy aitencs and lotatwn of then oitfices, 
bacteual endocaidths of pnlmonaiy valve 

A IS month old girl showed poor appetite, failure to gain, coldness of the 
extremities and mild cyanosis, intensified by exertion since birth Development 
was moderately retarded She was brought to the hospital at the age of 14 months 
because of vomiting, slight abdominal distention and pain Ph 3 'sical examination 
showed marked cyanosis, irregular respiration, cardiac enlargement (particularly 
of the left ventricle), blowing systolic murmur and thrill in the tricuspid area, 
accentuation of the second pulmonic sound and marked clubbing of tlie fingers 
and toes Two weeks before death the child began to have high fever, marked 
abdominal distention, dyspnea and severe cyanosis Signs of pneumonia appeared 
in both lungs Blood culture showed hemolytic streptococci A roentgenogram 
revealed cardiac enlargement, particularly of the left ventricle The red blood 
cell count was 7,100,000, the hemoglobin, 100 per cent At autopsy the following 
additional observations were made bronchopneumonia, visceral infarction, acute 
peritonitis, acute meningitis, abscess of the left lung, congenital maldevelopment 
of the pyramids of the left kidney Microscopic examination of the heart revealed 
bacterial endocarditis of the pulmonary valve, thickening of the tricuspid valve, foci 
of necrosis and vascular thrombi in the myocardium It disclosed no evidence 
of inflammatory change in the tricuspid valve 

The heart is slightly enlarged, and the anterior surface of the ventricles 
presents a trapezoid whose long diameter is directed to the left and only slightly 
downward This abnormality in shape is caused by an abnormal length of the 
base from the great vessels on the right to the obtuse margin on the left, a short 
vertical acute margin, a long horizontal obtuse margin, which forms the lower 
border of the heart, and, last, a large square-shaped prominence at the extreme 
right, which leads into the aorta The aorta is situated at the extreme right upper 
portion of the heart It is very large and proceeds upward and to the left Posterior 
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and to the left of the aorta is the much smaller pulmonary artery, whose dourse 
parallels that of the aorta The extreme right side of the right atrium is obscured 
by the large aorta, but the left portion, making up the right auricular appendage, 
appears antenorh around the left side of the great vessels To the left of the 
large right auricle is a much smaller left atiium, whose appendage lies along the left 
side of the right auricular appendage and marks the left border of the base 
Demarcating the prominence of the right side of the anterior surface of the ventri- 
cles from the remainder is a shallow sulcus This sulcus does not contain a 
coronarr artcr} 

The mam portion of the right atrium measures approximately 25 mm in trans- 
\ erse diameter and 26 mm m ^ ertical diameter The auricular appendage measures 
20 mm in transNerse diameter and 15 mm in \ ertical diametei It is sepa- 
rated from the mam portion of the atrium by a shallow constriction caused by 
the ascending aorta The walls of the atrium are h% pertrophied and heavily 
trabeculated The crista terniinalis is represented by a heavy ndge in the usual 
position The opening of the venae ca\ae and the coronary \em are normallv 
situated The eustachian valve is ^erJ' low, but the thebesian valve is well developed 
The interatrial septum is defective It contains an oval opening, measuring approxi- 
matelj 20 mm in \ ertical and 10 mm m transverse diameter The upper and 
anterior borders of the defect form a low ridge on the corresponding portions 
of the atrial walls Posteriorly and infenorly the margin is crescentic and sharp 
On the right side of tlie interatrial septum is a thin membranous crescentic flap 
which arises on the superior portion of the wall of the septum and courses 6 mm 
behind and parallel to the posterior border of the interatrial defect to end by 
joining with the eustachian valve as it passes in front of the coronary orifice 
Bet\^een the posterior border of the defect and the flap the endocardium is very 
thin, and muscle fibers ma\ be seen through it The right atrioventricular orifice 
lies at the base of the right atrium with its medial margin adjoining the defective 
portion of the interatnal septum The valve ring lies at a 45 degree angle, 
so that the lateral portion is below the medial portion The orifice, therefoie, 
IS directed downward and to the left The atrioventricular ring is small, measur- 
ing 12 mm in diameter There are no separate cusps The valve forms a cone 
whose orifice at the apex measures approximately 2 mm in diameter The valve 
is thickened, and the opening is placed eccentrically, to the right of the center 

The left atrium is small It shows the large defect in the interatrial septum 
The inferior and superior right pulmonary veins unite to form a large pulmonary 
\ein which inserts into the angle between the posterior and septal walls of the 
left atrium Two left pulmonary veins open into the atrium in their usual posi- 
tions The left atrioventricular orifice is large, measuring 40 mm in circumference 
It IS situated at the extreme left and posterior portion of the heart The valve is 
bicuspid, with the leaflets running obliquely down and to the left The free edges 
of the valve are slightly thickened and show several fibrous nodules The papillary 
muscles and chordae are not remarkable The anterior papillary muscle inserts 
at the left anterior portion of the heart midway between the base and the apex 
The posterior muscle is situated directly opposite and close to the anterior group 

The ventricles are separated by a heavy band of muscle tissue, measuring 10 
i>y 10 mm m cross section and IS mm in length (fig 12) This band stretches from 
the anterior wall backward and slightly downward in a sagittal plane to reach the 
posterior wall directly opposite The right ventricle corresponds to the prominence 
seen at the right on the anterior surface of the heart It is only half as large 
as the left The lower border of the heavy ledge is concave downward, leaving a 
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5 by *5 mm defect at the lowermost portion of the ventricles When viewed from 
the right side, the upper portion of the ledge presents an anterior and a posterior 
concavity separated by a small projection between them The anterior portion 
bounds the left base of the aorta, which arises from the anterior portion of the 
small right chamber The posterior concavity lies directly beneath the right lateral 
portion of the tricuspid valve, while the projection between the two concavities 
gives rise to thick chordae and muscular attachments to the base of the midpoint 
of the anterior part of the tricuspid valve Below the valve, between it and the 
posterior concave upper portion of the septum, is an opening into the left ventricle, 
measuring 7 mm m transverse and 6 mm in vertical diameter The main por- 
tion of the tricuspid valve is situated to the left of this defect, so that the tri- 
cuspid vah'e is largely transposed into the left v'entricle Onlj the most lateral 
portion of the tricuspid valve, which is attached to the right portion of the 
atrioventricular ring, remains in the right ventricle The aorta arises far anteriorly 
Its valve measures 35 mm in circumference, and the cusps are situated in left 



Fig 12 (case 13) — The heart viewed from below and from the left The 
left ventricle has been opened and its walls retracted A indicates the aorta, 
T, the tricuspid valve, S, the ventricular septum, LA, the left atrium, P, the 
pulmonary arter 3 ', and M, the mitral valve The arrows proceed through the 
septal defects, into the right ventricle and out of the aorta 

lateral, anterior and posterior positions The left and posterior sinuses bear 
the coronary orifices A smooth muscular ledge fills the space between the left 
cusp of the aorta and the anterior upper concavity of the septum It is directed 
at right angles to the septum and courses over the right ventricular base from a 
point below the posterior cusp of the aorta to reach the lateral wall of the right 
ventricle There it turns downward and slightly backward to reach the portion 
of right lateral ventricular wall anterior to the tricuspid valve The medial edge 
of this ledge does not quite fill the space between the aorta and the anterior 
upper concavity of the septum but leaves several small pockets down which a 1 
mm probe may be pushed to enter the left ventricle between trabeculations The 
left ventricle shows the entrance of the mitral valve far to its left side (fig 12) 
The pulmonary arterj arises from the medial portion just in front of the center 
of the left ventricle Its right base is bounded by the anterior portion of the 
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intcnentncular septum, \\hile its left side is bounded by a moderately thick ledge 
which takes origin at the upper anterior part of the septum The ledge courses 
in front of the pulmonary artery to reach the left side, where it turns posteriorly 
across the base and becomes lost in the angle between the mitral and tricuspid 
valves The tricuspid valve lies posterior to the pulmonary artery, to which it is 
partially fused, and to the right of the mitral valve, to whose medial cusp it is 
also partlj fused The orifice of the tricuspid valve lies in the left ventricle above 
the large defect in the septum, previously noted The pulmonary valve is small, 
measuring 18 mm m circumference The valve bears right, posterior and left 
anterior cusps The right and posterior cusps are fused and are demarcated only 
bj a small ridge m the common sinus The vegetations of bacterial endocarditis 
are present on the ventricular surfaces of the leaflets The vessels arising from 
the aortic arch and pulmonarj artery are normal The ductus arteriosus is not 
patent The coronarj artery from the left aortic sinus emerges in front of the 
pulmonarj arterj and courses to the left in the coronary sulcus It gives off several 
small descending branches to supply portions of the aortic prominence, a large 
descending coronary arterv v\ inch is situated anterior to the ledge which bounds the 
left side of the pulmonary artery in the ventricle The artery arising from 
the posterior aortic sinus emerges around the right side of the aorta and proceeds 
to the left in the posterior coronary sulcus It gives off a few small branches 
which supplj the right side of the aortic prominence, a large right marginal artery 
and one large branch passing down and to the left parallel and 15 mm distant 
from the acute margin The mam artery then goes toward the left border of the 
heart, near which it gives off a large descending branch which passes down and to 
the right This branch occupies a position just to the right of the posterior 
mitral group of papillarj muscles It meets the branch, previously mentioned, 
on the posterior surface of the heart, near the right border of the heart 

In the discussion of case 12 it was pointed out that regression of 
the true interventricular septum and foimation of a false septum from 
the crista supraventnculans and the antei loi tricuspid ledge would result 
in transposition of the tricuspid valve into the left v’^entiicle Case 13 
demonstrates this condition Only the extreme right lateral portion of 
the tricuspid valve remains m the right ventricle The aorta arises from 
a small chamber separated by a septum from the pulmonary artery and 
the greater part of the tricuspid valve The septum thei efore corresponds 
to the false septum in the right ventricle in case 12 However, in case 13 
the true interventricular septum has undeigone much greater regression 
The anterior portion is represented only by the ledge to the left of the 
pulmonary artery The location of the posterior part is marked by the 
position of the descending coronary artery to the right of the mitral 
papillary muscles, but no rudimentary septum can be seen The 
deformed condition of the tricuspid valve and the absence of chordae 
obscure the details of the structure in that region Theoretically, the 
anterior cusp of the valve should span the interventricular defect, since 
it is derived from the anterior tricuspid ledge The separation of the 
most lateral and upper part of the leaflet from the aorta is effected by 
the bundle running behind the aorta to the latei al venti icular wall This 
may be the bulboatrial ledge 
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TYPE 5 TRANSPOSITION OP THE GREAT VESSELS WITH 
RUDIMENTARY VENTRICULAR SEPTUIM ” 

Case 14 — Mmkcd caidmc enlm gcmait, functionally vitact mtoaiual septum, 
single functional ventiicle, ti ansposition of gieat vessels, aoitic stenosis, tians- 
position of coionaiy aiteiies, lotaUon of coronary orifices 

A week old boy was slight^ C 3 'anotic for a short period after birth He 
entered the hospital at the age of S days for the removal of a teratoma of the 
abdominal wall The teratoma show'ed bone, cartilage, voluntary muscle, mucous 
glands and fibrofatty tissue The respirations and pulse were unduly rapid 
during convalescence Physical examination at that time show^ed generalized 
cjanosis, dyspnea, pulmonary rales, cardiac enlargement, accentuated pulmonic 
second sound and a soft systolic murmur along the right sternal border Roent- 
gen examination revealed an increase in the size of the heart within tw'o weeks 
Severe bronchopneumonia preceded death At autopsy the follownng additional 
observations were made hemorrhagic bronchopneumonia, visceral congestion, 
petechial hemorrhages in the basal ganglions and a large umbilical hernia 

The heart is much enlarged, weighing 52 Gm (normal w’eight for this age, 
18 Gm ) It IS rounded and has no definite apex The transverse diameter is 
6 cm , in contrast to the transthoracic diameter of 10 cm A small aorta arises 
from a prominence on the anterior right portion of the ventricles A much 
larger pulmonary artery arises posterior to and slightlj to the left of the aorta 
The heart appears rotated so that the right atrium is placed more anteriorly than 
usual, being slightly anterior to the left atrium Both atria and their appendages 
are large The right appendage is situated around the right side of the great vessels 
The posterior coronary artery descends in a very shallow sulcus from the base 
down and to the left to meet the obtuse margin shghtlj’- above the apex The 
anterior descending coronary artery is 0 5 cm from the left border, demarcating 
a small segment of the left side of the heart Seen exteriorly, the right ventricle 
appears to be very much larger than the left 

The right atrium receives the inferior and superior venae cavae and the coronary 
vein in their normal positions The thebesian and eustachian valves are well 
developed The fossa ovalis measures 10 by 13 mm and is functionallj’- closed bj" a 
membrane A small probe, however, may be passed anteriorly to enter the left 
atrium The wall of the atrium is 2 mm thick and is heavily trabeculated The 
right atrioventricular orifice measures 62 mm in circumference and bears an 
anterior, posterior and small medial cusp The anterior papillary muscle is at the 
right lateral border of the heart On the posterior w'all, just behind this, is 
a group of papillary muscles which give rise to chordae to all the cusps 

The left atrium is large, and its walls are hy^pertrophied, measuring 2 mm m 
thickness The orifices of the pulmonary veins enter in their usual positions The 
auricular appendage is small, measuring 1 cm in length The left atrioventricular 
valve measures 50 mm in circumference and bears medial and lateral cusps The 
valve IS obliquely situated, running from a right posterior position above to a 
left anterior position below There is a large anterior papillary muscle on the left 
lateral ventricular wall A small posterior mitral group of papillary muscles is 
inserted just to the left of the posterior tricuspid papillary muscles Between 

17 Spitzer (1923) does not include a type 5 transposition We have added this 
class in which detorsion appears to be at a maximum The false septum in this 
type demarcates a small chamber anteriorly on the right side which gives origin 
only to the aorta The case reported by Gerstman is an excellent example 
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the two posterior groups is a thick trabecular ledge which runs down on 

the posterior \entricular wall from the junction of the fused posterior poitions 
of the atrioventricular valves It is 3 mm wide, 4 mm thick and 1 cm long 

The inter\ entricular septum is not developed Tw'O heavy ledges course over 
the base of the common ventricle The one to the right is 15 mm deep 

and runs from the lower end of the anterior w'all just to the right of the midline 
upward and slightly to the right to reach the base, wdiere it turns laterally behind 
the aortic opening to be inserted on the right lateral w’all just in front of the 
anterior papillarj muscle of the tricuspid valves It thus demarcates a small 
chamber, 15 mm deep and 7 mm in diameter, in the right anterior portion of the 
heart, which corresponds to the prominence noted on the surface The aorta is 
the onlj ^essel which arises from this chamber Posterior and to the left of the 
anterior portion of the ledge is the pulmonarj^ orifice, w'hich is thus separated 
from the aorta On the left side of the pulmonary artery is a smaller ledge 
which begins in the left anterior wall close to the anterior papillary 
muscle of the mitral valve It courses up the anterior wall and then over the 
ventricular base to the left of the pulmonary orifice Posterior to the pulmonarj^ 
arterj' are the medial and anterior tricuspid leaflets on the right and the anterior 
mitral cusp on the left The ledge to the left of the pulmonary artery is situated 
opposite the large ridge noted on the posterior ventricular wall between the 
posterior papillary muscles of the mitral and tricuspid valves 

The aorta is narrow, measuring 21 mm in circumference at the valve 
The ^al\e contains three cusps right posterior, left posterior and anterior The 
aorta courses upward and to the left, giving off the usual branches from the 
arch The orifice above the right posterior cusp gives rise to a right circumflex 
artery which emerges between the aorta and right atrium, courses in the posterior 
coronal sulcus and ends m the posterior descending branch after giving off twigs 
which supply the right posterior surface of the ventricle The other coronary 
artery arises above the left posterior cusp, passes m front of the pulmonary arterv 
and divides into an anterior descending and a left circumflex branch which 
proceeds as far as the posterior sulcus The pulmonary valve measures 28 mm 
in circumference and bears left anterior, left posterior and right lateral cusps 
The vessel courses up to the left of the aorta and divides The right pulmonary 
artery passes beneath the ascending aorta The ductus arteriosus is represented 
by a short solid ligament 

Case 15 — Cmdiac ailay gement, fmctionally intact interatrial septum, defec- 
tive interventucidai septum sepmahng an aoitic ventricle, complete ttansposiiion 
of gieat vessels, puhnonaiy stenosis, U ansposition of coioiiaiy aiteiies, rotation of 
aortic coionary cusps, abnormal coronal y sinus, patent ductus arteiiosus, anomalous 
band in right atiium 

A 4 month old girl, one of twins, had shown frequent spells of crying and 
cyanosis since birth A peculiar loud cough was noted Physical examination 
showed emaciation, mild cyanosis after violent coughing spells, cardiac enlargement 
and a loud blowing precordial systolic murmur which obscured the heart sounds 
A respiratory infection with signs of pneumonia at the bases of both lungs pre- 
ceded death At autopsy the following additional observations were made acute 
bronchopneumonia and acute early focal necrosis of liver 

The heart is markedly enlarged, weighing 45 Gm (normal weight, 23 Gm ) 
It is approximately oval in shape because of a prominence anteriorly, just to 


18 See discussion, page 489 
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the right of the midhne, which gives rise to a large aorta The pulmonary artery 
IS only slightly smaller and at its origin is situated in the center of the base of 
the heart, posterior and to the left of the aorta Both auricles are approximately 
equal in size and project forward on either side of the great vessels A vessel 
which appears to be the anterior descending branch of the coronary artery begins 
to the left of the pulmonary artery and runs down, 5 mm from the obtuse margin, 
to reach the left border of the heart 5 mm above the apex A second large 
anterior coronary vessel runs down and to the left from the right upper border 
of the heart to the acute margin, 1 cm above the apex The mam posterior descend- 
ing coronary arises from the left third of the base and courses down and to the 
left to reach the obtuse margin 1 cm above the apex Thus the mam descending 
coronary arteries demarcate a small segment of the left side of the heart 

The right atrium measures 30 mm in transverse and 20 mm in vertical diameter 
and has walls 1 mm in thickness The superior and inferior venae cavae have the 
usual positions The latter is bounded by a well marked eustachian valve Below 
and to the right is a small imperfect valve which guards a normally situated 
but very small coronary sinus orifice The mam coronary sinus opening is in an 
anomalous position in the angle between the inferior vena cava and the interatrial 
septum The fossa ovalis measures 7 by 12 mm and is functionally closed by an 
intact membrane A small probe maj' be passed into the left atrium between the 
limbus and the membrane anteriorly Just lateral to the opening of the superior 
vena cava is a muscular cord, measuring 2 mm in diameter and 12 mm in length, 
which traverses the right atrial cavity from the anterior to the posterior superior 
wall Anteriorly the cord joins the crista termmalis in front of the superior 
vena cava The right atrioventricular orifice measures 37 mm in circumference 
and bears a tricuspid valve 

The left atrium receives the four pulmonary veins in their usual position The 
left atrioventricular valve is bisucpid and measures 43 mm in circumference 

Only one ventricle is present, measuring 31 mm in transverse and 40 mm 
in vertical diameter The walls are 7 to 8 mm thick There is no division which 
corresponds to the course of the coronary arteries exteriorly The tricuspid vahe 
enters on the extreme right side of the common ventricle The large anterior 
leaflet is partially divided into medial and lateral portions It is connected to a 
group of papillary muscles on the right anterior wall of the ventricle about one- 
half way between the base and the apex The posterior papillary muscle is situated 
behind and to the right on the right lateral wall Chordae to the small medial and 
posterior cusps are also given off from the right side of a large group of papillary 
muscles on the posterior wall of the ventricle slightly to the right of the midhne 
The left side of this greatly hypertrophied group forms the posterior papillary 
muscles of the mitral valve The bicuspid valve is obliquely situated, running from 
the middle of the posterior wall anteriorly to the left lateral wall of the heart 
The cusps are well developed In the angle between the posterior medial portions 
of the atrioventricular valves is the orifice of the pulmonary artery, behind which 
the junction of the medial and medial anterior leaflets of the tricuspid valve is 
fused with the posterior junction of the mitral cusps In front of the anterior cusp 
of the tricuspid valve, thus in front of and to the right of the pulmonary artery, 
IS the base of the aorta, which is bounded by a circle composed of two muscular 
ledges The medial ledge (D)^^ begins at the anterior wall of the ventricle, to 
the right of the pulmonary artery, and courses first to the left of the aorta 
and then posterior to it, where it bends laterally, slightly forward and downward 
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to reach the anterior papillar} muscle of the tricuspid valve The ledge lies 
between the aorta and both the pulmonary artery and the tricuspid valve It gives 
off se\cral chordae to the junctions of two parts of the anterior tricuspid leaflet 
and is connected to the lateral portion of the valve The remainder of the circle 
around the base of the aorta is completed by a ridge which runs from the anterior 
papillary muscle of the tricuspid ^alve upward and to the left across the anterior 
wall of the ventricle to reach the starting point of the previously described ridge 
A small aortic \cntriclc, measuring 1 cm in depth, is thus formed anterior to the 
ledges The aortic valve is 25 mm in circumference and bears right anterior, left 
anterior and posterior cusps Above the left anterior cusp is the opening of a 
coronary vessel which courses to the left in front of the pulmonary artery to 
give off the large anterior descending branch and several small descending branches 
which suppl} the anterior portion of the ventricle The anterior descending artery 
corresponds in position to the space between the pulmonary artery and the medial 
cusp of the mitral valve The other coronary artery opens above the posterior 
aortic cusp It courses to the right to form a right circumflex artery This gives 
off the large right marginal branch, previously described, several small branches 
which supply the posterior surface, and the large posterior descending coronary 
artery lying far tow'ard the left border of the heart The pulmonary artery 
(situated between the tricuspid valve on the right, the aorta right anteriorly and 
the mitral valve on the left) measures 26 mm in circumference at the valve, which 
IS guarded by anterior, right and left lateral cusps The further course of the 
great vessels is not remarkable The ductus arteriosus admits a 3 mm probe 

With increasing degrees of detorsion, the plane of the crista supra- 
ventriculans would finally pass to the right lateral wall of the right 
ventricle In this position detoision is at a maximum, for the heart has 
not undergone an)- torsion at all The aorta is then placed directly 
anterior to the pulmonary artery as m the original position m the straight 
cardiac tube The crista supraventncularis is rotated to such an extent 
that It comes in line with the bulboatrial ledge Hypertrophy of these 
two structures would result in a septum demarcating an anterior pure 
aortic ventricle from the remainder of the heait The septum would 
separate anteriorly the aorta from the pulmonary aitery (role of the 
crista) and course between the aoita and tricuspid valve posteriorly 
(role of the bulboatrial ledge) Cases 14 and 15 show the ledge, 
marked D, m this position The aorta arises from a small chamber in 
the anterior portion of the right side of the heart The remainder of 
the ventricle is a single cavity due to the regression of the true septum 
ventriculorum Case 14, however, shows the rudiments of the anterior 
and posterior true septum quite clearly in the ledge to the left of the 
pulmonary artery anterioily {AS) and the muscle band between the 
posterior papillary muscles of the atrioventricular valves posteriorly 
{PS) Moreover, the mam descending coronary arteries still mark the 
site of the true septum Case 15 demonstrates the aoitic ventricle moie 
clearly 
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BULBOVENTRICULAR INVERSION COMBINED WITH TRANSPOSITION 

Case 16 — Cardiac enlargement, patent foiamen ovale, inierventiicula) septal 
defect, closed ductus arteriosus, mveiston of venUicles combined with complete 
ti ansposition of gieat vessels, stenosis of pulmonaiy valve, bacterial cndocai ditts of 
pulmonary valve and artery, rotation of coronal y-bearing aortic sinuses, inversion 
and transposition of coionary arteries 

A year old girl was well until four weeks before death At that time 
she had a head cold, accompanied by cough, malaise and fatigue Physical examina- 
tion showed pallor, an appearance of chronic illness, cardiac enlargement to the left, 
a sharp snapping accentuated second pulmonic sound, a loud harsh systolic murmur 
(best heard in the pulmonic area), splenomegaly, hepatomegaly, purpuric areas 
on the ankles, signs of pneumonia at the base of the right lung and questionably 
clubbed fingers There was a gradual downhill course with increasing cardiac 
decompensation Ascites, peripheral edema and hydrothorax appeared The elec- 
trocardiogram was suggestive of myocardial disease, showing a diphasic T wave 
in lead I and slight slurring of the QRS complex At autopsy the following 
additional observations were made terminal hemolytic streptococcus bacteremia, 
vegetative endocarditis caused by a gram-positive diphtheroid bacillus, acute 
mediastimtis, multiple pulmonary infarcts, visceral congestion, healing pulmonary 
tuberculosis in the left lung and peripheral edema The heart on microscopic 
examination showed occasional areas of fibrosis There were no other abnormalities 
except for the areas of bacterial endocarditis 

The heart is enlarged and unusually triangular in appearance, because of a 
prominence at the left upper portion of the anterior surface The large aorta 
arises from this prominence The pulmonary artery lies posterior and to the right 
of the aorta The long axis of the heart is directed downward and to the left The 
right atrium is large and projects to a great extent around the right side of the 
great vessels The left atrium lies behind the great vessels The anterior descend- 
ing coronary artery courses down and to the left from the space between the aorta 
and the pulmonary artery The posterior descending branch passes down and 
to the left, corresponding in position to the right margin of the interventricular 
septum Both the aorta and the pulmonary artery course directly upward 

The right atrium shows the usual venous openings, but the valves of the inferior 
vena cava and coronary vein are rudimentary The fossa ovalis measures 14 by 10 
mm and is closed by a membrane except for a 3 by 7 mm opening anteriorly 
The right atrioventricular orifice measures 70 mm in circumference and bears two 
large cusps situated anteromedially and posterolaterallv The free edges show 
numerous verrucous and granular vegetations Two large papillary muscles are 
present, situated on the anterior and posterior walls of the right ventricle, opposite 
one another Thus the right atrioventricular orifice has the cusps and papillary 
configuration of a mitral valve 

The right side of the interventricular septum is smooth In its upper midportion 
it shows a defect, measuring 12 by 8 mm , which is surrounded by heavy muscle 
tissue save posteriorly, where the medial portions of the atrioventricular valves 
are fused with each other The pulmonary artery takes origin from the midportion 
of the right ventricle, between the anterior leaf of the right atrioventricular valve 
and the interventricular defect The pulmonary valve is small (31 mm m cir- 
cumference) and bears right posterior, left posterior and anterior cusps The 
left posterior and anterior cusps are fused and are demarcated only by a ridge 
in the common sinus The right posterior cusp bears the sarqe intimate relation 
to the anterior leaflet of the right atrioventricular valve as the left posterior 
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cusp of the aorta does normally to the aortic leaflet of the mitral valve The 
pulmonary ^alve, artery and branches show the coarse vegetations of bacterial 
endocarditis 

The left atrium is shghth smaller than the right It receives the four pulmonary 
reins as usual and shows the small opening of the foramen ovale At the base 
of the atrium is the left atrioventricular orifice, measuring 54 mm in circumference 
Tins valve bears anterolateral, posterior and medial cusps The anterior papillary 
muscle IS situated at the left anteroinferior portion of the left ventricle and gives 
chordae to the anterior and posterior leaflets The posterior papillary muscle, 
attached to the posterior and medial leaflets, is directly behind and very close 
to the anterior group The medial cusp is attached by numerous chordae to the 
inferior aspect of the mtcr\entncular defect The left atrioventricular valve 
and papillarr muscles corresixind, therefore, to those normally present in the right 
\entricle In the upper posterior portion of the interventricular septum is the 
defect which opens into tiie most posterior portion of the right ventricle The aorta 
arises from the extreme anterior portion of the left ventricle, from the promi- 
nence seen on the anterior surface The valve measures 51 mm in circumference 
and has normal-appearing posterior, right anterior and left anterior cusps A 
heavy ledge, measuring 10 mm m width and 5 mm m depth, begins near the 
anterior papillary muscle of the left atrioventricular valve It courses to the 
interventricular septum and then passes up the left side of the septum to the junc- 
tion of the posterior and right cusps of the aortic valve This ledge resembles 
those designated bv the letter T m the previous cases A smaller ledge courses 
over the base of the left ventricular cavity between the aorta and the anterior 
tricuspid leaflet It passes medially and posteriori} to form part of the arched 
upper muscular border of the interventricular septal defect In form and position 
it resembles the ledges previously designated b\ the letter A (bulboatrial ledge) 

The aorta docs not have the usual intimate relationship to the left atrioventricular 
orifice but is separated from it by a muscular space 1 cm in width 

The interior of the right ventricle measures 25 mm in transverse and 45 mm 
in vertical diameter, while the left measures 25 by 40 mm The cavity on the 
left IS very heavily and coarscl} trabeculated, resembling the usual right ventricu- 
lar structure The right ventricle has the fine trabeculation in this heart 

The aorta gives off the usual branches The ductus arteriosus is represented 
by a ligamentous cord The coronar} orifices are situated above the posterior and 
right anterior cusps The artery from above the former divides almost at once 
to form a few branches, which pass around anterior to the aorta and supply the 
left ventricle, and a left circumflex branch which goes from left to right in the 
posterior coronary sulcus to end in the posterior descending artery The coronary 
artery arising above the right anterior cusp gives off a branch which passes around 
the right side of the aorta in front of the pulmonary artery to form the anterior 
descending artery The artery then continues as the right circumflex and gives 
off a right marginal branch and several smaller vessels, supplying the posterior 
surface of the right ventricle 

Case 17 — Caidtac enlai gemmt, laige patent foiainen ovale, widely patent ductus 
ailenosits, invasion of the venh teles combined vtnih ti ansposition of gieat vessels, 
abnormal septum sepaiating left aoitic venh tele, ahesia of left ah loventricular 
otifice, anomalous ongin of transposed and inverted coronal y aiteiies, coaictahon 
of aorta 

An 11 day old boy had shown failure to nurse properly, choking spells and 
difficulty in breathing since birth Physical examination showed deep cyanosis. 
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marked dyspnea, marked enlargement of the heart, rough precordial systolic 
murmur heard loudest at the apex and a gallop rhythm Roentgenograms revealed 
cardiac enlargement and congestive peribronchial mottling At autopsy the fol- 
lowing additional observations were made bronchopneumonia, central necrosis 
of the liver, passive congestion of the viscera and visceral hemorrhages The 
histologic examination of the heart disclosed nothing remarkable 

The heart weighs 38 Gm (normal weight, 18 Gm ) The shape is somewhat 
triangular because of a small prominence at the left upper region and the great 
length of the base to the right of the great vessels The apex points down and 
slightly to the left The small aorta arises from the extreme left anterior portion 
of the base and the pulmonary artery, equal in size to the aorta, lies behind and 
to the right of it at the origin The base of the ventricles to the right of both 
vessels is surmounted by a large right atrium The left atrium, situated behind 
the great vessels, is very small The anterior interventricular groove begins at the 
base to the right of both aorta and pulmonary artery and traverses down and to 
the left to the apex The posterior groove passes down from left to right, in con- 
trast to the usual direction, and ends to the right of the apex on the acute margin 
Both great vessels course directly upward, parallel to each other 

The right atrium measures 30 by 20 mm and receives the venae cavae and 
coronary vein in normal position The venous valves are well developed The 
crista terminalis is thick, and the auricular appendage is large, hypertrophied and 
heavily trabeculated The fossa ovalis measures 10 by 14 mm and is half closed 
in Its posterior and inferior portions by a thin cribriform membrane This leaves 
a patent foramen ovale, measuring 7 by 10 mm The right atrioventricular orifice 
measures 35 mm in circumference and bears only two large leaflets, situated 
anteromedially and posterolaterally An anterior papillary muscle group is present 
on the right anterior wall of the ventricle, while a posterior group is situated 
opposite but somewhat more to the right on the posterior wall The right atrio- 
ventricular valve thus has the characteristics of a mitral valve 

The left atrium measures but 20 by 15 mm It receives the openings of the 
pulmonary veins in the usual position and shows the patent foramen ovale as 
previously described A left atrioventricular orifice is lacking, but m the floor 
of the atrium is a small depression corresponding to an atretic valve 

The ventricles are unequally divided by a small septum which separates the 
small left anterior prominence, noted previously on the anterior surface of the 
heart, from the remainder of the ventricular cavity (fig 13) The right ventricle 
measures 35 by 25 mm , in contrast to 15 by 10 mm for the left The onl> 
entrance to the small left ventricle is through a defect, measuring 3 mm , in the 
posterosuperior portion of the septum The upper margin of the defect is formed 
by a thick band of muscle tissue which separates the left anterior base of the 
pulmonary artery from the aorta The aorta is the only vessel to arise from the 
left ventricle Its valve measures 16 mm in circumference and bears anterior, 
left posterior and right posterior cusps The right and left posterior cusps are 
fused and are demarcated only by a ridge m the common sinus The aorta after 
giving rise to the innominate, left common carotid and left subclavian arteries 
in that order narrows rapidly The circumference just before the entrance of the 
ductus arteriosus is 3 mm The degree of coarctation is marked, and the ductus 
seems to form the descending aorta Distal to the ductus arteriosus, the aorta 
measures 15 mm in circumference 
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Tlic pulnionar} arterj arises just to the left of the center of the heart To the 
right IS the medial cusp of the right atrioventricular valve, which is fused to the 
right side of the base of the arterj A heavy ledge, measuring 4 mm in thick- 
ness and 20 mm in length, courses down the posterior wall of the ventricle from 
the right posterior base of the pulmonary artery to end just to the left of the 
posterior papillary muscle of the right atrioventricular valve Superiorly this 
ledge IS adjacent to the upper portion of the interventricular septum Joining the 
left base of the pulmonary artery to the upper portion of the septum is a thin 
narrow membrane which furnishes the base of the depression in the floor of 
the left atrium It tlierefore represents the atretic left atrioventricular valve — 
located in the small space between the ledge previously described, the inter- 
\cntncular septum and the left posterior base of the pulmonary artery The pul- 
monar\ ^al^e measures 20 mm in circumference and bears posterior, left anterior 
and right anterior cusps The artcrj courses directly upw'ard, and the left branch 
passes under the ascending aorta The ductus arteriosus measures 10 mm in 
circumference and is the mam source of the blood supply to the descending aorta 



Fig 13 (case 17) — The heart viewed from in front The anterior wall of 
the ventricles has been retracted upward P indicates the pulmonary artery, 
RA, the right atrium, TV, the site of the atretic left (tricuspid) atrioventricular 
valve, MV, the right (bicuspid) atrioventricular valve, RS, the rudimentary “true” 
interventricular septum , FS, the “false” interventricular septum, and LV, the 
left ventricle 


The coronary arteries arise from the left posterior and right posterior aortic 
sinuses The former vessel turns around the left border of the heart and then 
passes from left to right m the posterior coronary sulcus It gives off few small 
branches to supply the aortic prominence, a large posterior descending coronary 
artery and several small branches which supply the posterior surface of the 
ventricles to the right of the posterior interventricular sulcus Two vessels open 
into the right posterior aortic sinus The anterior artery emerges between 
the aorta and the pulmonary artery to form the anterior descending coronary 
artery The posterior vessel passes in front of the pulmonary artery from left 
to right in the anterior coronary sulcus, then around the right margin of the 
heart to course from right to left in the posterior coronary sulcus It gives 
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oif descending branches to the anterior surface of the right ventricle, a large 
right marginal branch and several vessels which course down the right posterior 
\entricular surface 

Two examples of corrected transposition (cases 16 and 17) have 
been added to complete the piesent series The fiist shows noimal situs 
solitus of the body and the atria The right ventricle, howevei, beais 
a bicuspid valve, while the left has the tricuspid valve Furtheimore, 
the left ventiicle is heavily trabeculated, while the light has the usual 
fine trabeculation of the normal left ventricle This suggests an inversion 
of the bulboventncular loop Nevertheless, a true minor picture should 
have the aoita m light posterior and the pulmonary aiteiy in left anterior 
position In case 16 the position of the vessels forms a mirror picture 
not of the normal heart but of a heart in type 3 transposition The 
corrected transposition in this case therefore must consist of partial 
inversion coupled with a type 3 transposition The explanations of the 
various ledges and of the positron of the coronary arteries are similar 
to those in the usual crossed ti ansposition It is interesting to note the 
neutralizing eftect of the two serious anomalies of partial inversion and 
ti ansposition in regard to cardiac function and viability Unfortunately, 
the pulmonary artery is still subject to the same stenosis and valvular 
defoimities, incident to transposition, which may provide the locus 
mmoris resistantiae for bacterial endocarditis 

The ventricles and great vessels in case 17 form a mirror picture 
of a type which has not as yet been discussed m this presentation If 
the crista supraventricular is were to come into line with the tricuspid 
valve, one would expect hypertrophy of both anterior and posterior 
tricuspid ledges A further stage of the process would be obliteration 
of the tricuspid orifice exactly as the pulmonary artery is occasionally 
obliterated between hypertrophied ledges in type 2 transposition The 
false interventricular septum m this event would demarcate a small 
anterior ventricle which gives use only to the aorta (as in type 4) The 
rudiment of the true interventricular septum should be present on the 
posterior wall of the ventricle medial to the false septum 

Case 17 is an example of such a transition between types 3 and 4 
It shows the atretic valve in the expected position between the remnant 
of the true interventricular septum, the pulmonary valve and the false 
septum In addition, however, an inversion of the bulboventncular loop 
has occurred The bicuspid valve is on the right, while the atretic (prob- 
ably tricuspid) valve is on the left The aortic ventricle is on the extreme 
left side of the heart instead of on the right (see cases 13, 14 and 15) 
The position of the coronary arteries tends to bear out these deductions 
as to the origin of the anomalies (see the following paragraph) 

19 A similar case in situs colitus is that reported by Smetana and analyzed 
by Spitzer 
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Fig 14 — The course of the coronary arteries in the various cases The heart 
IS depicted as though it were sectioned coronally from the apex to the base The 
anterior surface is above, and the posterior surface is below The view is from 
above The striped shaded areas denote the septums present The stippled areas 
represent the position of the rudimentary portions of the true septums A represents 
the normal heart , B, case 4 , C, case 6 , D, case 7 , E, case 8 , F, case 9 , G, case 10 , 
H, case 11, J, case 12, /, case 13, K, case 14, L, case 15, M, case 16, N, a 
mirror image of case 16 , O, case 17, and P, a mirror image of case 17 
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CORONARY ARTERIES 

An examination of the coronary arteries m this series reveals two 
interesting facts (fig 14) As Spitzer has pointed out, an increasing 
transposition of the vessels should be expected as the bulbus, so to 
speak, rotates in a counterclockwise diiection This is demonstrated 
very well by cases 8, 9, 10 and 11 In case 8 the couise and origin of 
the vessels are essentially normal The detorsion of the bulbus, how- 
ever, has increased the path of the anterior descending artery, since the 
latter must pass behind the pulmonary arteiy Case 9 shows transposi- 
tion of part of the right circumflex and the postenoi descending artery, 
while m case 10 the process has extended to the left circumflex and the 
anterior descending arteries The latter take origin fiom the left pos- 
terior aortic sinus, which was originally m the right anterior position 
In case 11 the piocess has been completed, all branches of tlie left 
coronary arteiy now arise from the original right coronary orifice 

The relations of the anterior and posterior descending arteries to 
the ventiicular septum m these cases give support to Spitzer’s hypoth- 
esis The anteiior descending coronary arteries m cases 8 and 9 are 
situated to the left of the actual interventricular septum The logical 
conclusion is that it still marks the location of the true anterior septum 
even though that structure has disappeared In case 6 the coronary 
artery marks the left, or true septal, side of the composite septum 
present Cases 8 and 10 show a new anterioi descending coronary artery 
which has apparently developed m response to the circulatory demands 
of the false septum Nevertheless the original anterior artery, although 
transposed to the original right aortic sinus in case 10, still marks the 
position of the absent true interventricular septum Cases 13, 14 and 15 
demonstrate the same condition m regard to the posterior septum which 
is postulated as false in these cases In the 3 cases, both anterior and 
posterior arteries mark the vanished or rudimentary true interventricular 
septums and not the false septums which demarcate the aortic ventricle 

It will be noted that the mirror pictuies of the coronary vessels in 
cases 16 and 17 closely lesemble the actual course of the arteries in the 
similar types of transposition in situs sohtus (cases 11 and 14, respec- 
tively) This fact lends support to the belief that ti ansposition of the 
great vessels and of coronary aiteries in these cases has the same 
pathogenesis as that in situs sohtus and that the condition of partial 
inversion does not affect this mechanism 

FINAL COMMENT 

Spitzer’s main contribution is a theory of noimal cardiac develop- 
ment The fundamental postulate of that theory is the orderly develop- 
ment of the organ, as a unit, in response to the varying conditions, 
forces and demands in a sei les rising from fishes to birds and mammals 
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It admits of no foituitous vaiiations which disregaid the phylogenetic 
mtenelations of these gioups Furtheimore, the theory is capable of 
explaining on mechanical grounds some of the short cuts in the onto- 
genetic recapitulation of these events Foi these leasons Spitzer’s theoiy 
IS unique and assumes impoi tance even though the secondary application 
to teiatology may not invariably meet with success 

Criticisms have been leveled, foi the most part, not at the theory of 
normal cardiac development but at its application to cardiac malforma- 
tions Teratolog), however, is onlj^ one of the many modes of attack 
But few facts of caidiac embr}ology oi phylogeny which are capable 
of testing the theory have been advanced Pernkopf and Wirtingei, 
as has been mentioned, advanced an entnely diffeient view of cardiac 
development They stated, in contiast to Spitzer’s theory, that the 
septum aiises as a spiialed structure, that dynamic and phylogenetic 
factors aie of no importance m the “ciossing ovei” of the pulmonic 
and systemic circuits, that the cardiac tube is fixed at the openings of 
the pulmonary veins and not peripheral to them and that the ciista supra- 
ventnculans arises from the leaf of the bulboatrial ledge on that side 
which contains the vential great vessel They cannot find evidence of 
a reptilian stage in human development or of any homology between the 
reptilian right aorta and the niche designated by Spitzer in human hearts 
On the other hand, Fuchs, in a study of the development of the heait 
of Vanellus cristatus, was able to support Spitzer’s views concerning 
the formation of the ventricles, the importance of the proximal bulbar 
swellings a and h m the formation of the ventricular septum, the migra- 
tion of the aorticopulmonary septum from bulbar swelling II to III, the 
derivation of the ciista supraventncularis from the aorticopulmonary 
septum and the homology of the trabecula septomargmahs to the 
Muskellmste of Greil 

The greatest amount of criticism has been directed against the com- 
plexity and apparent improbability of Spitzer’s explanations of the mal- 
formations For example, in type 3 tiansposition, the entire architecture 
of the heart may appear normal except for the intei changing of the 
aorta and the pulmonary arteiy Sato and Kung even demonstrated a 
normal course of the atrioventricular bundles in this type of case One 
hesitates to accept the opinion that the ventricular septum is any other 
than the normal one, or that the right leaf of a long-vanished bulbo- 
atrial ledge forms an apparently normal crista supraventncularis for 
the aorta in the right ventricle The changes postulated by Spitzer seem 
too radical ever to construct a cardiac architecture which conforms to 
the normal so closely as it does in this type of case Yet it is possible, 
as has been attempted in this presentation, to arrange anomalous hearts 
in a logical series leading up to the type in question and to explain both 
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the individual cases and the transitions m accord with theoi etic expecta- 
tions Furthermoie, Spitzei showed m 1920 that a structure may appear 
in the position of the normal crista supraventi icularis which must be 
derived from some other anlage, probably the bulboatrial ledge 

It has been stated that the relatively noimal course of the atrio- 
ventricular bundles in the ordinary type of transposition is proof against 
the presence of a false interventricular septum However, since all 
types of tiansposition except types 4 and 5 have normal posteiior 
septums, the positions of the atrioventriculai node and crus commune 
should not be disturbed Furthermoie, the right bundle normally fol- 
lows the septal course of the crista supraventriculaiis down the true 
septum ““ This position should be distuibed but little when the crista 
takes over the function of the tiue anterior septum Normal variations 
in the terminal blanches are so great as to vitiate any conclusions from 
their course in abnormal hearts In types 4 and 5 the atrioventricular 
bundles should show an abnormal course No studies of this type have 
been reported 

Another objection is that no case has yet been reported in which 
two definite aortas were present Even though this type would be very 
lare on theoretic grounds, it would be necessary to have one in order to 
complete the series of cases 

More seiious criticisms concern Spitzer’s assumption that the heart 
must develop as a whole Thus the atiial poition of the heart may be 
approximately noimal in cases of transposition in which the postulated 
detorsion should affect the venous as well as the arteiial ends of the 
primitive loop The great frequency of interatiial defects, however, 
tends to bear out the theory In other cases it may be that the detorsion 
IS taken up by a change in the angle between the ventricles and atria 
as shown by the angle between the planes of the intei atrial and ven- 
tricular Septums in case 5 

It IS impossible to meet the objection that the heart cannot develop 
as a whole since isolated inversions of the bulboventricular loop with a 
counterclockwise spiral at the arterial end may be associated with another 
counterclockwise spiral at the venous end of the primitive loop In 
the present state of knowledge, however, it is equally impossible to 
conceive of the pathogenesis of any paitial inveision Any attempt to 
do so on the basis of tendencies inherent m the germ plasm is confronted 
with the experiments of Stohr, previously mentioned Any explana- 

20 Walmsley, in Quain’s “Elements of Anatomy,” p 81 See bibliography, 
under “General References ” 

21 Theories of normal cardiac development which are based solely on an 
inherent spiraling of the septums have to meet a similar objection (e g the theory 
of Pernkopf and Wirtinger) 
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tion on the only othei ground of envnoninental forces, such as those 
of the blood stieain, has to face the pioblem of how these factors can 
exert opposing mnroi pictiue effects on adjacent, functionally inter- 
dependent poitions of a complex oigan such as the heait 

SUMMARY 

In a revieu of the hypotheses concerning the pathogenesis of tians- 
position of the gieat caidiac vessels, particulai attention has been paid 
to the theoiies of Rokitansky and of Spitzei, since they represent the 
ontogenetic and phjlogenetic aspects of this malfoimation An attempt 
has been made to piesent in detail the essence of the theory of Spitzei 
as gathered from a study of all peitinent hteratuie Nineteen examples 
of transposition from the Infants’ Hospital and the Children’s Hospital 
collection have been analyzed in illustration of that theory This series 
included examples of o^erlldlng aoita, complete transposition of the 
gieat vessels, transposition of the tricuspid valve, bulboventricular inver- 
sion, atresia of the tricuspid oiifice and coi biatriatum pseudotriloculare 
with mitral atresia One case showed a very rare primitive arrangement 
of the chambers of the heart, while another showed the combination of 
fetal endocaiditis and aortic tiansposition Incidental malformations of 
the heart included vaiious defoimities of the intei atrial and interven- 
tricular septums, vahular abnormalities, aortic coarctation and a com- 
plete vascular circle aiound the tiachea and esophagus 

In each case, particulai attention was paid to the course of the main 
coronary arteries Inversions, corrected transposition and the relation 
of mitral atresia to tiansposition were briefly examined 

It may be concluded that the theory of Spitzei marks an impoitant 
advance in the understanding of cardiac development and certain cardiac 
malformations Although many data, accumulated from embryology, 
phylogeny and teratology, tend to support the theory, further proof 
will be necessary before it can be accepted completely 

This paper represents a companion study to a senes of reports to be published 
elsewhere bj' Dr Paul Emerson and Dr Hyman Green, who, with Dr Kenneth 
D Blackfan, have stimulated the study of congenital heart disease for the past 
twenty years at the Children’s Hospital in Boston 
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VITAMIN C DEFICIENCY AND INTESTINAL 
FUSOSPIROCHETOSIS 

FR\NK M WOOLSEY, MD 

AND 

JOHN R BLACK, MD 

DURHAM, N C 

The importance of fusospirochetal organisms m the pioduction of 
infections within the intestinal tract has been of interest since Koch ^ 
described fusospirochetal intestinal infections m fatal cases of scurvy 
Zinserhng ' reported lesions in the intestines of patients who had severe 
fusospirochetal infections of the mouth, pharynx and lungs His obser- 
vations were made during the period of partial starvation in Russia 
between 1916 and 1920 Bouty,® McNeill ^ and Broughton ® also cited 
instances of primary fusospirochetal infection of the intestinal tract 
Ariel ° reported autopsies m which spirochetes and fusiform bacilli were 
found within the intestinal wall m 1 of 5 cases of tubeiculous intestinal 
ulcers, in 3 of 6 cases of typhoid ulcers and in a single instance of 
bacillary dysentery 

Streicher and Kaplan ^ found spirochetes predominating in 3 of 
their 65 cases of ulcerative colitis Goadby ® saw fusiform bacilli in 
cases of ulcerative colitis Muhlens,® Langendorfer and Peters found 
spirochetes in chronic ulcerations of the colon Smith stated, “Patients 
having a prolonged convalescence from typhoid fever, bacillary dysentery. 

From the Department of Pathology, Duke University School of Medicine 
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typhus fever, cholera or other intestinal diseases, especially amoebic 
dysentery, should be suspected of having a fusospirochetal infection of 
the intestines ” 

These obseivations were supported by the experimental work of 
De Jemal and Achitou,^^ who found a great increase of cecal spirochetes 
m guinea pigs after they were placed on a scurvy-producing diet In 
1933 McConkey and Smith showed that an adequate supply of vita- 
min C usually protects guinea pigs against intestinal tuberculosis Vita- 
min C deficiency predisposed their animals to the development of ulcera- 
tive tuberculous intestinal lesions Smith stated that 3 of 5 guinea 
pigs which had been kept on a diet partially deficient in vitamin C and 
also fed 0 5 cc of fusospirochetal pus which came from a spontaneous 
subcutaneous abscess m another guinea pig showed essentially normal 
intestinal tracts The other 2 had numerous deep necrotic ulcers in their 
ceca Smears from these ulcers showed large numbers of fusiform bacilli, 
spirochetes and cocci 

With these observations m mind it was thought that it would be of 
interest to see how often fusospirochetes could be found in intestinal 
lesions and also to attempt to produce the lesions experimentally 

AUTOPSY STUDIES 

The autopsy protocols of the department of pathology on all instances of 
diphtheritic and ulcerative colitis, typhoid fever, and bacillary dysentery (Flexner) 
and enteritis due to Giardia and Ascaris were studied There were 24 such 
instances Sections of the intestines were examined for fusiform bacilli These 
were found in both the mucosa and the submucosa m 12 cases In 2 of the 12 
cases Levaditi stains were available, and in both cases spirochetes were observed 
in the intestinal wall In all but 2 of the 12 cases some other disease was 
present which could cause a break in the mucosa 

The clinical histones were examined to learn whether any conditions were 
present which might favor fusospirochetal infections It was found that all the 
patients had been on diets which were deficient in some important nutritional 
elements, but the most constant history was that of a general deficiency of vitamins, 
particularly of vitamin C 

Some observers believe that one of the most common physical evidences of 
vitamin C deficiency is severe pyorrhoea alveolaris Almost without exception our 
patients who were past the second decade of life had this lesion, associated with 
a considerable amount of gum infection and abscesses 

EXPERIMENTAL MATERIALS AND METHODS 

Only male guinea pigs were used, in order to eliminate possible complications 
associated with pregnancy The animals used in experiment 1 were young guinea 
pigs, weighing between 170 and 280 Gm In experiment 2 only adult guinea pigs, 
weighing between 573 and 850 Gm , were used 

12 De Jemal and Achitou, cited by Smith 

13 McConkey, M , and Smith, D T J Exper Med 58 503, 1933 
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The mixtures of fusospirochetal organisms were obtained by scraping the 
margins of the gums of patients who showed various degrees of untreated 
pyorrhoea aheolaris The debris obtained was mixed with physiologic solution of 
sodium chloride to form a thick suspension This suspension, in amounts -varying 
from 0 2 to 0 5 cc , vvas injected through a 26 gage needle into the dorsal sub- 
cutaneous tissue of the hindlegs of normal guinea pigs The subcutaneous tissue 
afforded a medium with reduced oxygen tension, in which the fusospirochetal 
organisms grew rapidly, producing a large necrotic abscess within two to four 
dajs The fusospirochetal organisms were aspirated from these abscesses and fed 
to the experimental animals Dark field examination of tliese mixtures demon- 
strated 40 to 60 actively motile spirochetes in each oil immersion field The site 
of aspiration was closed with collodion, to allow the abscess to refill, thus affording 
opportunity for repeated withdrawals of pus 

The greatest difficulty was encountered in producing sufficient quantities of 
the fusospirochetal material to keep the average daily feeding at a high level 
If the dose inoculated into the subcutaneous tissue was too large, the infection 
either produced a large necrotic slough at the site of injection or spread rapidly 
along the fascial planes, thus causing death within twenty-four to forty-eight 
hours 

In addition to the virulence of the organisms, which was markedly increased 
as they were passed from animal to animal, the age and physical condition of the 
inoculated animal also influenced the size of the optimal injection dose It is, 
therefore, impossible to specify a definite amount to be injected A trial and 
error procedure proved satisfactory when the animals were carefully observed 
The amounts given in this experiment varied from 0 1 to 2 cc 

Although the mixture of fusospirochetal organisms was foul, no difficulty was 
experienced in feeding it to the guinea pigs They ate it from the end of a 2 cc 
syringe with great relish The amount taken at a single feeding varied between 
0 1 and 2 cc 

The basic diet consisted of hay and some autoclaved whole milk mixed with 
rolled oats and salt In experiment 2 the basic diet was at times supplemented with 
brewers’ yeast, in an effort to increase the animals’ consumption of the food This 
diet was given in unlimited amounts Cod liver oil and tomato juice were fed 
directly into the animals’ mouths 

When the animals were moribund, they were killed with inhalation ether, 
and autopsy was performed immediately During autopsy the intestine was kept 
moist with physiologic solution of sodium chloride until placed in the fixing fluid 
The upper and lower ends of the intestine were tied, and the intermediate portion 
was removed intact The cecum was then detached and incised along the lesser 
curvature, exposing its mucosa Following this, the fecal contents weie removed 
by gentle washing with physiologic solution of sodium chloride, and the mucosa 
was thus exposed for inspection and fixation 

The cecum was placed in solution of formaldehyde U S P diluted 1 10 
The small intestine was fixed as follows The same fixative was gently forced 
through its lumen, and while the intestine was slightly distended, each end was 
tied and then the whole was immersed in the fixative The large intestine was 
fixed m a similar manner 

After the tissues had fixed for several days, sections were taken from the 
small intestine and cecum The area to be sectioned was determined by examining 
the specimen for possible lesions and taking sections from all areas suggestive of 
ulceration or hemorrhage All tissues were embedded in paraffin Those to be 
used for general study were stained with hematoxylin and eosin, those to be 
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examined for bacteria were stained according to MacCallum’s method, those 
to be studied for iron were stained by the potassium ferrocjamde method, and 
those to be searched for spirochetes were prepared by the method of Levaditi 

EXPERIMENT 1 

This experiment was made m order that we imght study the effect of a 
vitamin C-deficient diet and fusospirochetes on young guinea pigs The animals 
were divided into four groups as follows 

1 The guinea pigs received the basic deficient diet supplemented by 0 3 cc of 
cod liver oil daily After clinical signs of vitamin C deficiency developed, they 
were fed varying amounts of the fusospirochetal material 

2 The guinea pigs received the basic deficient diet supplemented b 3 03 cc 
of cod liver oil and 10 cc of tomato juice daily These animals, receiving a non- 
deficient diet, were fed fusospirochetal organisms in amounts similar to those 
given to group 1 

3 The guinea pigs received the basic deficient diet supplemented by 0 3 cc 
of cod liver oil and 10 cc of tomato juice daily They were not given the 
fusospirochetal organisms 

4 The guinea pigs received the basic deficient diet supplemented by 0 3 cc 
of cod liver oil daily 

Each experiment lasted eight weeks 

Gioup 1 — Animals Fed a Vitamin C-Deficient Diet and Oigautsins — There 
were 14 guinea pigs in this group The animals retained their appetites until 
they became moribund The first sign of deficiency was a decrease in activity, 
followed within a few days by a loose, watery foul diarrhea and loss of weight, 
which became so serious that it was necessarj’- to give them a few cubic centimeters 
of tomato juice occasionally In this way they were kept alive for two to five 
weeks after the development of a definite scorbutic condition of the joints The 
gums, however, never showed anv lesions 

The mixture of organisms was fed to these guinea pigs soon after signs of 
deficiency developed From that time until their deaths they were given an 
average daily dose ranging between 0 05 and 0 07 cc The total amounts given 
were between 0 5 and 15 cc 

Morbid Anatomy The knee joints of these animals were stiff and hemorrhagic 
The ceca of 5 guinea pigs each contained several definite, though small, hemor- 
rhagic areas in the mucosa No ulcers were found, but in 1 cecum a small 
area was seen which suggested beginning ulceration In 1 cecum the hemorrhages 
were so prominent that they could be seen before the cecum was opened Each 
cecum was abnormally thin Sections of the intestines showed large amounts of 
iron m the phagocytes of the submucosa MacCallum and Levaditi stains showed 
no organisms below the mucosal surface 

Group 2 — Conti ol Animals Fed Otgamsms — There were 6 guinea pigs in this 
group These guinea pigs displayed no ill effects and gamed weight throughout 
the experiment They were fed fusospirochetal pus during the same time as the 
animals of group 1 The average daily dose received ranged between 0 5 and 
1 05 cc 

Morbid Anatomy There were no changes in the knee joints The wall of 
the cecum in every instance was thick and in no case presented evidence of hemor- 
rhage or ulceration Some of the sections of the intestines showed a few 
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phagocytes m the submucosa Theie was no interruption of the mucosa, and no 
organisms were found below the mucosal surface m either the bacterial or the 
Levaditi preparations 

Giouf) 3 — Conti ol Aittntals IVtthoul Oigamsins — There were 4 guinea pigs 
in this group They always appeared well 

Morbid Anatomy There were no stiff joints In the ceca there were no 
hemorrhages nor was there prominence of Ijmphoid tissue Some of the phago- 
cjtes of the submucosa of the intestines contained slight amounts of blood pig- 
ment There were no interruptions m the mucosa Bacterial and Levaditi prepara- 
tions showed no organisms below the mucosal surface 

Group 4 — Vitavnu C~Dcficicnt Annuals JVithout OKjamsnis — There were 4 
guinea pigs in this group The\ were kept alive bv occasionally giving them a 
few cubic centimeters of tomato juice Scorbutic lesions developed, equal in extent 
to those found m the animals of group 1 

Morbid Anatomy The knee joints were hemorrhagic and stiff, with little 
swelling E^cry cecum was thin and contained areas of hemorrhage sometimes 
as large as 1 cm m diameter Sections of the intestines showed little iron in the 
phagocytes of the submucosa There were no interruptions in the mucosa, and 
bacterial and Levaditi sections revealed no organisms below the mucosal surface 


EXPERIMENT 2 

This experiment w'as similar to experiment 1 except that adult guinea pigs were 
used 

Gioup 1 — Annuals Deficient tn Vitaimn C to IVliuli Oigamsnis Were Gwen — 
There were 12 guinea pigs in this group Five of the animals did not adjust 
themselves to the diet and died before any evidence of scorbutic lesions developed 
The remaining 7 animals w'ere much more difficult to regulate on the scurvy- 
producing diet than were the young guinea pigs m experiment 1 Their appetites 
varied considerably from day to day, and they required more attention than the 
young animals The first evidence of deficiency of vitamin C in the adult animals 
was a profuse watery foul-smelling and usually bloody diarrhea accompanied 
by loss of weight Although there was more swelling in the joints of the older 
animals, the joint motion was not as limited as m the young guinea pigs Petechiae 
were noted in the gums a few days after the onset of svmptoms of involvement 
of the joints The teeth became loose but did not fall out 

As soon as evidence of deficiency was noted, these guinea pigs were started 
on the feedings of fusospirochetal pus The average dailv dose ranged between 
0 09 and 0 4 cc The total amounts given ranged from 1 2 to 10 cc These animals 
died from two to six weeks after the feedings were started 

Morbid Anatomy The knee joints were hemorrhagic, swollen and stiff The 
teeth were loose, and the gums contained hemorrhages The ceca were thin, 
and in several of them hemorrhagic areas were seen In 1 cecum there was a 
punched-out ulceration measuring 6 mm in diameter Sections of the intestines 
contained moderate to large amounts of iron in the phagocytes of the submucosa 
The cecum mentioned as containing a large punched-out ulcer presented micro- 
scopically an ulcerated area including the mucosa and submucosa This ulcera- 
tion was found to contain numerous fusiform bacilli, spirochetes, cocci and 
other bacilh None of the remaining sections contained interrupted mucosa or 
organisms below the mucosal surface 
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Gioup 2 — Conti ol Animals Fed Oigamsms — There were 4 guinea pigs in this 
group These animals continued to grow and gain weight They were given 
feedings of organisms during the same period as the animals in group 1 The 
average daily feeding ranged between 0 22 and 0 35 cc 

Morbid Anatomy The ceca showed no hemorrhages or ulcerations and were 
thick walled No iron was found in the phagocytes of the submucosa of the 
intestines on microscopic examination The mucosa was intact, and no organisms 
were demonstrable below the mucosal surface 

Gioup 3 — Contiol Animals Without Oigamsms — There were 3 guinea pigs 
in this group These animals were never sick, and they gained weight throughout 
the experiment 

Morbid Anatomy The ceca contained no hemorrhages or ulcerations Micro- 
scopically, a small amount of iron was found in the phagocytes of the intestinal 
submucosa There were no interruptions in the mucosa, and no organisms were 
demonstrable 

Gioup 4 — Animals Deficient in Vttanim C Without Organisms — There were 3 
guinea pigs in this group They all presented stiff joints, and their diet had to be 
supplemented with some tomato juice to keep them alive 

Morbid Anatomy The knee joints were swollen, hemorrhagic and stiff 
The ceca were thin and contained small areas of hemorrhage without ulceration 
It IS interesting to compare the lesions of the alimentary tract produced by 
vitamin C deficiency in the young animal as observed in experiment 1 with the 
lesions in the adult guinea pig The location and the severity of the hemorrhages 
were not the same In the young animal the gums were not affected, whereas the 
gums of the adult guinea pig were involved early Although there was con- 
siderable hemorrhage in the cecum of the young guinea pig bloody diarrhea 
never developed, but in the adult animal it did 

Microscopically, the phagocytes of the submucosa contained a moderate amount 
of iron There were no areas of ulceration, and no organisms could be demon- 
strated below the mucosal surface 


COMMENT 

A microscopic study of sections of intestines obtained at autopsy in 
24 cases of intestinal disease, including diphtheritic and ulcerative colitis, 
typhoid fever, dysentery due to Flexner’s bacillus and enteritis due to 
Giardia and Ascaris, revealed fusiform bacilli m 12 instances In only 2 
of these instances were Levaditi stains available, and m these spirochetes 
weie seen It is interesting that in all but 2 of the 12 cases in which 
fusiform bacilli were found infections were noted which could have 
caused a bieak in the intestinal mucosa All of these patients had been 
on a diet deficient in vitamin C This type of diet, as shown by McCon- 
key and Smith,^® lowers the resistance of the intestines to tuberculous 
infection and, we believe, also to other infections 

The manner in which the lesistance of the intestines to infection is 
lowered is probably complex, but our experiments suggest one way in 
which this may occur The experimental animals on a vitamin C-defi- 
cient diet showed numerous small hemorrhages m the intestines Our 
experimental evidence indicates that at times these hemorrhages are 
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sufficiently laige to cause neciosis and thus a bteak in the mucosa which 
allows the organisms pieseiit to gam a foothold It is thought that 
It w'as m this mannei that the one ulcer m our expeiiments and the two 
repoited by Smith occuiied 

What part this mechanism played m the clinical cases is difficult to 
evaluate The evidence of other etiologic agents at autopsy does not 
pieclude the possibility that there may have been some agent other 
than the vitamin C deficiency before the fusospirochetal infection started 
The work of Koch,^ how^evei, indicates that extreme vitamin C defi- 
ciency leads to definite intestinal lesions with fusospirochetes present 

From a survey of the Iiteiature and of our own work it appears that 
when there is a bieak in the mucosa of the intestines caused by para- 
sites, bacteiia or a deficiency of vitamin C the fusospirochetal organisms, 
if present, may cause further damage At this time there is, however, no 
indication that the intestines can be damaged by fusospirochetes without 
the aid of some other factor 

.SUMMARY 

In 24 instances of intestinal disease of varied types the intestinal 
lesions found at autopsy were examined microscopically In 12 of these 
the lesions showed fusiform bacilli The 12 patients had all been on 
vitamin C-deficient diets, and all but 2 had infections which could 
cause breaks in the mucosa 

Of 21 guinea pigs fed on a vitamin C-deficient diet and also given 
fusospirochetes, 1 acquired an intestinal lesion, wdiile none of the control 
animals showed such a lesion 

It IS suggested that fusospirochetes can gam a foothold m the intestine 
when there is a break in the mucosa In our studies such breaks occurred 
as a result of hemorrhages m the mucosa from vitamin C deficiency as 
well as through the activity of bacteria and protozoa 



ORGANIC LESIONS PRODUCED BY POLYVINYL 
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NEW \ORK 

Polymerized vinyl alcohol (pol3annyl alcohol [CH, = CHOH]n) 
IS one of seveial plastic substances developed duiing recent 3'^ears by the 
chemical industi3^ The commercial, impure product is used m the 
manufacture of resins, lacquers and other pioducts, while the puie 
pol3winyl alcohol is employed in the production of S3mthetic surgical 
threads of absorbable and nonabsorbable types and as a substitute for 
gelatin in foodstuffs (Biaun^, Herrmann and HaehneH) Polyvm3d 
alcohol consists physicochemical^ of laige molecular aggregates of the 
unsaturated vin3d alcohol molecules The molecular size, as well as the 
ph3'’sicochemical qualities (solubiht3’’, viscosit3’’, color and other proper- 
ties), of the pol3Tnerized compound, depends on the method of produc- 
tion and on the subsequent treatment of the finished pioduct Pol3wm3l 
alcohol is a white, tasteless and odorless powder It is soluble m water, 
gl3'^col and gtyceiin and insoluble m ethyl alcohol, acetone and many 
other organic solvents (x3dene, chlorinated Itydrocarbons and others) 
It can be precipitated from an aqueous solution as white floccules by the 
addition of A’-anous salts (sodium thiosulfate, ammonium sulfate, sodium 
sulfate and others) and eth3d alcohol The resulting Euffy precipitate 
of hydrated potyvinyl alcohol floats on the surface When compressed 
it exhibits a rubber-hke elasticity, which, however, gradually decreases 
on drying, leaving a white crumbling matter This precipitated product 
IS less soluble in watei than the original compound The colloidal aqueous 
solutions of pol3wmyl alcohol are viscous liquids at 100m temperature 
and form soft gels when placed in a refrigeiatoi The firmness of these 
gels depends directl3'^ on the concentration of the pol3'-vmyl alcohol Poly- 
vinyl alcohol can be used as a protective colloid in the preparation of 
colloidal solutions of metals (gold, silver, chromium h3^droxide, iron 

From the Warner Institute for Therapeutic Research 

1 Braun, R Ueber das Verhalten des Polyvmj lalkohols im tierischen 
Stoffwechsel und das morphologische Verhalten des Gewebes gegenuber Faden 
aus Polyvinjlalkohol, Inaug Dissert, Leipzig, 1936 

2 Herrmann, W O , and Haehnel, W Ber d deutsch chem Gesellsch 
60 1658, 127 
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hydroxide and otheis) As aqueous solutions of polyvinyl alcohol do not 
become infected with bactei la, they may possess distinct advantages over 
gelatin solutions foi ceitain purposes 

Polyvinyl alcohol gives some of the leactions characteustic for cai bo- 
hydrates (test of Cailetti and the reaction of Fleig and Ihl) and in 
several othei lespects behaves similarly to certain large molecular carbo- 
hjdiates, such as starch A concentrated solution of polyvinyl alcohol 
assumes a blue-violet coloi on the addition of a solution of iodine in 
potassium iodine (compound solution of iodine U S P [Lugol’s 
solution] ) The blue color fades on heating and returns on cooling 
Po]}winyl alcohol combines with foi nialdehyde, just as starch does, but 
the pi oduct formed, m contrast to the formaldehyde compound of starch, 
IS insoluble in A\ater and does not swell (in w^ater) (Herrmann and 
Haehnel", Staudingei, Frey and Staick®) 

Little information exists regarding the biologic effects produced by 
this interesting substance Heinnann and HaehneH mentioned briefly 
that they did not observe any untow'aid effects in several generations 
of mice receiving polyvinyl alcohol m their dry food or with then drink- 
ing w'ater Braun, ^ wdio investigated the biologic qualities of polyvinyl 
alcohol more thoroughly, reported that polyvinyl alcohol threads (mar- 
keted undei the name “Synthofil R” suigical threads) elicited m the 
tissue a local reaction characterized by the appearance of multmucleated 
foieign body giant cells Neither the oral nor the subcutaneous intro- 
duction of the polywnyl alcohol into rabbits and dogs was followed by 
local or systemic organic lesions Braun observed, however, that poly- 
vinyl alcohol administered subcutaneously was m part excreted through 
the kidneys and was demonstrable m the urine The various unusual 
physicochemical properties of this substance suggested the desirability 
of a more extensive experimental investigation of its biologic qualities, 
especially as such studies may give some additional information on the 
physicochemical action mechanism of certain biologically impoitant large- 
molecular substances or aggregates (proteins, polysaccharides, lipids) 
under normal and under pathologic conditions (immunity reactions, 
malignant tumors, storage diseases and other conditions) 

EXPERIMENTAL OBSERVATIONS 

The polyvinyl alcohol used in the following experiments was of the com- 
mercial type ^ The substance was administered in an aqueous solution sub- 

3 Staudinger, H , Frey, K , and Starck, W Ber d deutsch chem Gesellsch 
60 1782, 1927 

4 The polyvinyl alcohol was obtained from the R & H Chemicals Department 
of E I duPont de Nemours & Company 
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cutaneously to albino rats and intravenously to rabbits It was fed also in a 
powdered form, mixed with the stock diet, to albino rats 

Suhcuianeoiis Inti oduchon — Twelve albino rats, 2 months old, weighing from 
70 to 88 Gm each, received a subcutaneous injection of 1 cc of a 5 per cent 
aqueous solution of polyvinyl alcohol five times per week One rat died after 
fifteen injections, while the others survived a course of twenty treatments At 
the end of the experimental period (four weeks) 6 rats were killed for a pathologic 
study of the immediate effects of the treatment The five survivors were killed 
two weeks later for the determination of any late effects The rats were in 
good health during the entire experimental period and gained weight continuously 
during this period At the time of death they weighed from 113 to 194 Gm 

The rat which died spontaneously showed at autopsy an appreciably enlarged, 
firm, grayish red spleen and shrunken kidne>s with a coarsely granular, peculiarly 
greenish yellow-brown surface The subcutaneous tissue at the site of injection 
was swollen and had a grayish jelly-hke texture The postmortem examination 
of the other 11 rats of this series revealed similar changes in the subcutaneous 
tissue The tissue was, however, somewhat firmer and more yellowish white 
The spleens were enlarged moderately and were dark red and firm The kidneys 
of 2 rats showed greenish brown granular changes of the cortex The other organs 
grossly were normal 

The microscopic examination of the sections stained with hematoxyhn-eosin 
showed the following changes 

Skin The epidermis and appendages were normal The subcutaneous con- 
nective and muscle tissues were infiltrated diffusely by a homogeneous or finely 
granular grayish blue-stained material, which was situated in some instances in 
sinusoidal cavities or had been taken up by numerous balloon-hke distended 
histiocytes possessing a foamy cytoplasm There were occasional smaller and 
larger groups of multmucleated giant cells, surrounding a somewhat deeper 
blue-stained matter and containing in their cytoplasm highly reflective string}'- 
inclusions (fig 1) Smaller and larger necroses, surrounded by lymphoc}tes and 
leukocytes, were scattered throughout the subcutaneous tissue 

Lungs The lungs of most of the rats were normal Several of them showed, 
however, a more or less diffuse mononuclear and lymphoid infiltration of the 
interstitial tissue and of the interalveolar septums In a few of the peribronchial 
and peribronchiolar infiltrations of this kind a considerable admixture of eosino- 
philic leukocytes was noted In addition to these nonspecific chronic inflammatory 
reactions, there occurred in the lungs of several rats focal accumulations of 
histiocytes of a foam cell character, containing in the cytoplasm a finely granular 
grayish blue pale matter The endotliehal lining of several small blood vessels 
was swollen and proliferated, and some of the endothelial cells revealed foamy cyto- 
plasm The lumens of such vessels were filled by a homogeneous grayish 
blue matter In a few instances capillary vessels in the interalveolar septums 
evidently were blocked entirely by the development of small granulomas con- 
sisting of mononuclear cells and multmucleated giant cells surrounding a grayish 
blue central homogeneous mass (fig 2) 

Mediastinal Lymph Nodes Small groups of balloon-hke, swollen reticular 
cells containing a finely granular bluish gray matter were present m the pulp 
Heart The myocardium was normal in all rats There were, however, 2 
rats m which small accumulations of large mononuclear foam cells were scattered 
in the interstitial tissue 

Thymus This organ was normal 
Aorta The vessel was normal 
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Liver In all rats there was an increase as well as a swelling of the Kupffer 
cells Where this alteration had taken place in mild to moderate degree, small 
solid nodular accumulations of these cells were met occasionally, scattered through- 
out the normal hepatic parcnchjma In some rats, however, the activation and 
swelling of the Kupffer cells were»verj diffuse and marked and this change was 



Fig 1 — Subcutaneous tissue showing diffuse imbibition with polyvinyl alcohol 
and presence of mononuclear foam cells and multinucleated giant cells, the latter 
containing highly reflective string 3 ^ inclusions of modified polyvinyl alcohol 


associated with the presence of numerous smaller and larger solid reticulo- 
endothelial nodules located mainly near or around small vessels The nodules were 
in general well circumscribed and round but were sometimes of an elongated, 
bandlike shape or were interconnected by broader cellular branches Often the 
cells composing these nodules were arranged in a whirl-like fashion Three 
different types of cells were found m these nodules The majority of the cells 
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were oval shaped, rather small and provided with similarly shaped, moderately 
sized, dark staining nuclei They were often the only kind present with the 
exception of a minor admixture of eosinophilic leukocytes found in some of 
the nodules An appreciable number of nodules also contained large pale-stained 
cells with large round nuclei and often a cytoplasm showing a foamj structure 



Fig 2 — Distended capillary of the lung filled with polyvinyl alcohol, which is 
surrounded by mononuclear foam cells and proliferated and swollen endothelial 
cells 


The third cellular type observed m these nodules was represented by multi- 
nucleated giant cells or syncytial masses without distinct cellular outlines The 
nuclei were arranged in wreath or crescent formation, and often the cytoplasm 
contained large vacuoles or was foamy These cells surrounded not infrequently 
a small central bluish-stained homogeneous mass Pale blue globules occasionally 
were seen also within the cytoplasm of isolated, markedly swollen Kupffer 
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cells Small groups of balloon-shaped histioc\tes with foamy cytoplasm were 
\er} rarelj m the periportal coimcctne tissue, which showed more often a mild 
to moderate eosinophilic infiltration The liver cells were normal in the great 
majontj of rats Animals with marked reticuloendothelial changes revealed 
moderate pericentral ^acuoiar degeneration, w-hile small hyaline necroses were 
found in 1 rat 







Fig 3 — Splenic pulp with swollen reticular cells of foam cell type Multi- 
nucleated giant cells are numerous 


Spleen The sinusoidal endothelium and the reticulum cells were increased 
in number and swollen in all animals These changes reached extreme degrees in 
several animals The entire pulp seemed to consist of a solid mass of large pale- 
stained cells, which sometimes were arranged in nodules similar to epithelioid 
cell tubercles, a resemblance made still closer by the frequency with which multi- 
nucleated giant cells were found within these nodular arrangements (fig 3) The 
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cytoplasm of the swollen reticuloendothelial cells as well as of the foreign body 
giant cells was often vacuolated or foamy In general, the follicles were well 
preserved 

Abdominal Lymph Nodes The great majority of lymph nodes examined were 
normal Some of them, however, showed small nests of foam cells and occasionally 
also multinucleated giant cells within the area of the pulp 

Adrenals These organs were normal in most of the rats Some showed 
swollen and vacuolated reticuloendothelial cells in the medullary zone In 1 rat 
the medulla contained a small solid focus of proliferated reticuloendothelial cells, 
arranged in a whirl-hke fashion 

Kidneys The great majority of the kidnej's showed a more or less extensive 
granular hyaline degeneration of the tubular epithelium In some instances this 
process had led to complete hyaline necrosis of the entire epithelial lining of 
some tubules in the cortical zone In some of the rats these were the only tubular 
changes present Others, however, showed additional extensive and rather unique 
tubular lesions The tubular lumens were filled in se\eral instances by casts, 
leukocytes and desquamated swollen epithelial cells wnth foamy cytoplasm This 
foamy type of tubular degeneration was marked especially in the corticomedullary 
zone Balloon-like, distended cells often were lining the tubules In other tubules 
the epithelial lining apparently had become defective, and multinucleated giant 
cells formed an inner coating of the former tubules (fig 4) Complete absence of 
any epithelial lining was encountered not infrequently This condition usually was 
associated wnth considerable cjstic distention of the lumens, resulting in the 
production of a spongy structure in some parts of the kidneys 

In those instances in which there was little pathologic change m the renal 
parenchyma the interstitial connective tissue was essentially normal In some 
instances in which moderate parenchymatous lesions were present, there was a 
mild to moderate mononuclear infiltration, involving mainly wedge-shaped areas 
of the cortex and being composed of foam-cellular histiocytes Small groups of 
multinucleated giant cells were seen occasionally In regions with markedly 
degenerated tubular epithelium the interstitial tissue show^ed sometimes marked 
imbibition of a faintly blue-stained homogeneous substance, presenting thereby 
a myxomatoid appearance Wherever this imbibition had reached extreme degrees, 
the original tissue seemed to have broken down, leaving smaller and larger cysts 
filled with the homogeneous matter and surrounded by a lattice work of preserved 
basement membranes A late outcome of these lesions was apparently present in 
the kidneys of 1 rat, in which considerable thickening and fibrosis of the interstitial 
tissue, similar to that found in chronic nephrocirrhosis, w^ere seen in addition to 
marked tubular and glomerular lesions 

The most constant pathologic change observed in the glomeruli was the balloon- 
ing of one, several or many endothelial cells in the capillary tufts This endo- 
thelial vesiculation apparently was preceded b 3 ’^ swelling and proliferation of the 
affected cells, which during the preparatory stage showed a foamy cytoplasmic 
structure At this time the nuclei were arranged sometimes in irregular clusters 
With the further progress of this alteration the appearance became more cystic, 
the intracellular cavities being filled with a finely granular matter staining grayish 
blue (fig 5) The ultimate result of this development was complete disintegra- 
tion of the endothelium, leaving a grapelike bunch of cysts, the walls of which 
were formed by the preserved and often hyahnized swollen fibrillar elements of 
the tufts The reduction in number of cells and the generalized hyalmization of 
the tufts were followed by atrophy and shrinkage The marked swelling of the 
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glomeruli caused in some instances close contact with the thickened and cellular 
wall of Bowman’s capsules and resulted in cellular adhesions between these two 
parts 

Homogeneous small blue globules were found occasionally within the capil- 
lars lumens of the glomerular tufts — m those of the afferent vessels in the pedicle — 
as well as in those of capillaries located in the interstitial tissue of the cortex 



Fig 4— -Renal tubules with balloon-like swollen epithelial cells, small cystic 
cavities and large mononuclear foam cells m the interstitial tissue , a few swollen 
endothelial cells m the glomerular tuft 


Stomach There was in most of the rats moderate eosinophilic infiltration 
of the submucosa of the glandular portion 

Intestine No abnormalities were observed with the exception of mild eosino- 
philic infiltration into the submucosa of the duodenum, in a few instances 
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Testes Diffuse, moderate degeneration of the spermatogenic epithelium with 
desquamation of spermatids and arrest of spermatogenesis was observed in the 
rat which died spontaneously with severe renal lesions The testes of the other 
rats were normal 



Fig 5 — Glomerular tuft with several markedly distended endothelial cells 
containing polyvinyl alcohol 


Epididymides The lumens of the ducts of the rat with testicular alterations 
contained numerous immature spermatogenic cells in addition to some necrotic 
debris The epididymides of the other rats were normal 

Pancreas, Bladder, Prostate and Seminal Vesicles These were normal in 
all the rats of this series 

Bone Marrow There was dense myeloid marrow containing numerous eosino- 
philic myelocytes and megakaryocytes in the sternum m the great majority of 
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rats examined Er^ thropoicsis seemed to be somewhat impaired in several rats, 
while small foci of degeneration were scattered throughout the marrow in a rat 
showing marked lesions in other organs 

Brain No abnormalities weie denionstiablc in the biains of 6 lats In 3 
rats large mononuclear foam cells were found in var>ing number in the stroma 
ot the choroid plexus Another group of 3 rats showed, in addition to identical 
choroidal lesions, pathologic changes affecting the blood vessels and the nerve 
tissue There were brown-pigmented cells and balloon-hke, swollen glia cells m 
the pernascular spaces of some vessels, which revealed, moreover, proliferation of 
their endothelial lining Accumulations of swollen gha cells possessing foamy cyto- 
plasm with fine bluish graj granules were found occasionally near and within a 
nene tissue having a spongs appearance or an appearance of containing many 
small cjsts Small gioups of ganglion cells silutaed ncai the cornu ammonis, the 
occipital region and subcortical region were distended enormously and vacuolated 
riiej were surrounded or invaded bv gha cells in those instances in which marked 
degeneration of the affected ganglion cells w'as apparent from the indistinctness of 
their cellular outlines and the disintegration of the nuclei and of the tigroid 
substance (Nissl stains) (fig 6) 

In comparing the pathologic alterations described as to extent, distribution 
and se\eritj it appears that m general these featuies weie nioie pionounced 
in the rats which were killed two w'eeks after the discontinuation of the treat- 
ment than in those killed immcdiateh following it 

Hislocliemtcal Coloi Reaction foi Polwmyl Alcohol — The demonstiation of 
bluish-tinged homogeneous or granular matter at the site of injection as w'ell as 
in various remote organs stronglv suggested the piesence of polyvinyl alcohol m 
these localities Attempts w'cre made, therefore, to identify more definitely the 
chemical character of this substance by some selective histochemical coloi leaetion 
The stains inethvl violet, pol\ chrome metlwlene blue and Best’s caimine, usually 
used for the demonstration of amvloid and glvcogen, lespectively, weie tiled 
unsuccessfulh A specific and sensitive color reaction for polyvinyl alcohol, how- 
ever, W'as obtained when the observation made by Staudingei, Fiey and Staik ' 
in regard to the blue colorization of polyvinyl alcohol after contact with compound 
solution of iodine was utilized The method to be desciibed can be applied to 
frozen sections as w'ell as paraffin and pyroxvhn (celloidm) sections with equal 
success 

The sections were placed in compound solution of iodine fiom foui to sixteen 
hours (overnight) Then they were dried w'lth blotting paper, to lemove the 
excess iodine solution, and mounted in glvcerin Contact with watei and alcohol 
must be avoided, as the reaction is highly sensitive to these agents, which cause 
a rapid fading of the blue color Sections thus treated are light to deep In own, 
depending on the thickness and the particular type of tissue The polyvinyl alcohol 
takes on a deep blue to gravish blue color The leaction is so sensitive tliat 
even minute intracellular deposits of this compound are visualized readily 

Sections of nearly all organs were stained with compound solution of iodine, 
according to the procedure described and the following observations weie made 

Brain The content ot polvvinvl alcohol in the brain as demonstialed by this 
reaction varied considerably with difterent animals Some brains weie appaiently 
free from any polwmyl alcohol In a lew others the polvvinvl alcohol was 
restricted in its distribution to the choroid plexus where it occuiieci in the foiin 
of fine blue granules in groups of histiocvtes and as large globules in tlie lumens of 
the smaller vessels or as an innei coating of their walls In 3 lats of this sciies 
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there was present, on the other hand, evtensive involvement of the brain Blue 
globules were found m some restricted areas of the meningeal tissue, where the\ 
were located in cells and capillary lumens Blue globules and coating of the w^all 
were observed not infrequently in the intracerebral blood vessels Glia cells 
accumulated in distended pernascular spaces occasionally contained line blue 
granules In some areas, balloon-Iike, sw'ollen ganglion cells contained large 
blue globules, while swollen and irregularly branching glia cells show^ed dense, 
finely granular blue inclusions In other restrieted regions the nerve tissue 
presented a spongy appearance, with large pale to dark blue-stained homogeneous 



Fig 6 — Ganglion cells and glia cells of the region of the cornu ammonis, 
showing marked sw^elling, distortion and vacuolation The vacuoles are filled w'lth 
polyvinyl alcohol 


masses filling cjstic formations surrounded by bundles of nerve fibrils The 
extent of these changes appeared to be greater in these specially stained sections 
than w'as apparent from the sections stained with hematoxyhn-eosm 

Lungs Blue globules w'ere found within capillary lumens and m histiocytic 
foam cells of the interstitial septums and perivascular spaces Larger globular 
blue-stained accumulations were seen in several granulomatous foci, where part 
of the blue matter was located within foam cells and part formed the center of 
the histiocytic indurations 
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Heart In several rats the mterstitial tissue of the heart showed foam cell 
accumulations with fine blue cytoplasmic globulation 

Liver Smaller and larger blue droplets were present more or less frequently 
within swollen Kupffer cells In cases in which these reticuloendothelial inclusions 
w'ere rather massne, there were observed beadlike bluish streaks running through 
the browmish-colored hepatic parenchyma Larger globular accumulations of 
blue-stained matter occuircd cither within the foam cells forming the reticulo- 
endothelial nodules or extracellularly w'lthin the centers of these foci Blood 
vessels show’cd occasionally an inner coating of the blue substance or contained blue 
globules within their plasmatic content or had m their lumens accumulations of 
deep blue-stained round “corpuscles,” resembling m size and appearance erythro- 
evtes or large platelets covered wuth the blue-stained polyvinyl alcohol adsorbed 
or precipitated on their surfaces The liver cells proper were always without any 
blue-stained inclusions 

Spleen The amount of blue material demonstrable m the spleen varied greatly 
wuth different animals In the majority there was only a small to moderate number 
of small blue globules scattered through the pulp, w'hile in 2 rats the entire 
pulp was studded densely with globular and granular blue matter, located within 
the masses of foam cells Blue globules w'cre seen in the vascular and sinusoidal 
lumens The follicles were in general free from blue matter with the exception 
of a few small blue globules within large histiocytes situated in their marginal 
portion 

Pancreas A fine blue granulation w’as presented in more or less numerous 
histiocytes of the foam cell type located in the interstitial tissue, while blue globules 
were seen in the lumens of some blood vessels Histiocytes of the peripancreatic 
fat tissue show'cd not infrequently a fine blue globulation in their cytoplasm 

Adrenals The medullary reticuloendothelial cells were loaded with blue 
globules These colored inclusions were less dense in the histiocytic cells of the 
cortex, especially where the subcapsular reticuloendothelial cells revealed these 
blue aggregations Small groups of blue granulated foam cells were found in 
penadrenal fat tissue 

Kidneys Gross inspection of the renal sections showed clearly, by the dis- 
tribution of the blue-colored areas in the brownish yellow matrix, that the 
polyvinyl alcohol was accumulated principally in the peripheral cortex and in the 
corticomedullary zone The region situated between these two areas contained a 
smaller amount of blue matter, while the pyramids appeared to be entirely free 
of It Microscopic examination of the sections revealed m different rats marked 
differences m the amount and site of blue material deposited in the kidneys 
While blue matter was present in the kidney of all rats, in some only a small 
amount of it was seen, and then it was found almost exclusively within the 
glomeruli, in the tubular epithelium of the corticomedullary zone and in a few 
scattered blood vessels Furthermore, only a smaller or a larger portion of 
these tissue elements then were thus affected Kidneys with more massive involve- 
ment showed, on the other hand, not only more diffuse and sometimes almost 
generalized deposition of blue matter in these component parts but often had, in 
addition, very extensive involvement of the cortical connective tissue 

Blue globules and homogeneous masses were found not only in all those 
cells and tissues which had shown in the sections stained with hematoxylin and 
eosin the presence of a faintly blue-colored matter but also in many additional 
cells and structures, where the last-mentioned sections had not suggested deposition 
of polyvinyl alcohol The imbibition of polyvinyl alcohol by the tissue was so 
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massive in several instances that the original structure appeared to be obliterated 
The glomerular tufts contained this substance within the balloon-like endothelial 
cells as well as free in the capillarj lumens Blue globules were found not only 
free in the tubular lumens but also within the tubular epithelium 

Testicles The extratesticular venus plexus of the rat with uell dc\ eloped 
degenerative changes of the sperniatogenic epithelium contained numerous blue 
globules as well as an extensive coating of the inner wall with the homogeneous 
blue substance Ver}^ fine globules w’cre seen in the lumens of manj intratesticular 
small blood vessels Some of them were coated with this matter for wndc stretches, 
especially in regions W'here the spermatogenic epithelium in the adjacent tubules 
showed evidence of marked degeneration Numerous large oral and poNgonal 
cells in the interstitial tissue w'ere filled wnth a ven fine blue c\ toplasmic 
granulation 

Bone Marrow' The great majority of the marrows tested showed blue matter m 
the form of globules or deep blue “corpuscles” arranged either in groups or in 
irregular chains or clumps The deposits seemed to he in sinusoidal lumens and 
occasional!}' w'lthin large sinusoidal cells The nneloid cells proper w'cre alua}s 
w'lthout blue inclusions 

Skin Examination of the sections by the naked e\e icecalcd a blue to gra}ish 
blue zone beneath the epidermis Dense accumulations of bluish globules within 
cells and larger solid masses of this substance situated free in the tissue spaces 
were seen on microscopic study The balloon-like, sw’ollen histiocitcs showed fine 
cytoplasmic blue granulation There w'cre also small bine globules in isolated cells 
and in cell groups surrounding the hair follicles 

Many sections were stained w'lth scarlet red for the presence of fat, espcciall} 
w'lth reference to the possible occurrence and admixture of fat in the deposits of 
polyvinyl alcohol in the different organs The results cssentialh were negative, 
W'lth a few exceptions There w'as a moderate sprinkling of rcd-staincd granules 
in the spleen w'hich showed a diffuse infiltration w'lth balloon-like, sw'ollen reticulum 
cells The fat granules w'ere located w'lthin some of these foam cells and formed 
occasionally an outer ring around the nuclear crescent of the mnltinucleated 
giant cells The greater portion of the pulp, how’cver, w'as free of fat The same 
animal show'cd a minor fatty infiltration of the cells in the pericentral hepatic 
cords and of the tubular epithelium of the kidne\ 

Oral Adimnistt ation — Only 4 rats w'erc used in this experiment They w'ere 
about 2 months old at the start of the experiment During the first tw'O w’eeks 
2 Gm of polyvinyl alcohol was added to 45 Gm of stock diet This dose w'as 
doubled for a second period of tw'O weeks Then 2 rats were killed, and the 2 
survivors were placed on a diet containing 10 Gm of pohMiiil alcohol in a total 
of 25 Gm of food (ratio, 115) At the end of two w’eeks these rats w'ere 
killed 

The rats developed satisfactorily on this diet Thev increased their w'eight 
within four to six weeks from an original of 78 to 84 Gm to 139 to 172 Gm , 
respectively 

The necropsy did not reveal any gross lesions of the internal organs 

The histologic examination of sections prepared from the brain, lung, heart, 
spleen, pancreas, kidney, adrenal, bladder, testis, epididimis, th}mus and intestine 
did not show' any abnormalities attributable to the diet given The livers of the 
2 rats which received the largest amounts of pol}Mn^l alcohol revealed marked 
hjdropic degeneration of the liver cells There were, however, no proliferations 
of the Kupffer cells A more or less marked eosinophilic infiltration was found in 
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the subniucosa of the stomach and in the dense nneloid marrow of the sternum 
Sections stained ^\lth compound solution of iodine did not show anv blue globules 
or granules indicatue of the presence of poUviinl alcohol 

Infiavcmus Injection — Three male rabbits were used Each recei\ed a daily 
injection of a 5 per cent solution of polwinjl alcohol m physiologic solution of 
sodium chloride (0 85 per cent sodium chloride) The injection was made into 
the marginal \tin of the eai on fi\e daes of the w'eck One labbit was thus 
treated ten times with 10 cc of tins solution, a second animal received fifteen 
injections while a third receieed twent>-fi\e injections, the dose with the last 
fi\e of them being 20 cc of the pohvinjl alcohol solution The injections were 
tolerated in e\er} instance, without am immediate or delased symptomatic reactions 
The urine, which was examined at varMiig intervals after the injections, did 
not contain at am time albumin, sugar or blood The test for ghcuronic acid was 
positive The reaction ranged from neutral to alkaline, and the specific gravity 
\aried around 1010 Examination of the sediment tor formed elements revealed 
none Urine \oidcd during the first four to six hours following an intravenous 
injection was collected and saturated wuth ammonium sulfate The fluffy white 
precipitate formed was filtered off and treated with compound solution of iodine 
When the deep brohn precipitate was placed in water, it changed into reddish 
blue floccules floating on the surface The demonstration of this matter in the 
urine was considered indicative of the presence of pol\ vinyl alcohol 

A procedure similar to that used for the demonstration of jxilvvinvl alcohol 
in the urine was emplojed m testing for the presence of this substance in the 
blood Blood was wuthdrawm from the heart of 1 rabbit five hours after the 
last (fifteenth) injection To 60 cc of the clear amber serum, separated from 
the clot, 14 per cent sodium sulfate w'as added The w’hite soft precipitate settling 
at the bottom of the vessel w'as treated w'lth compound solution of iodine An 
elastic white network covering the coagulum turned deep blue, thus indicating 
that a part of the injected polyvinyl alcohol was retained in the blood for as 
long as five hours after the last injection and W'as precipitated wuth the globulins 
Polyvmjl alcohol added in the form of a 5 per cent aqueous solution to an equal 
amount of serum mixed readilj wuthout being precipitated and could be recovered 
qualitatively with the method just described 

The rabbits were killed by intravenous injection of air Grosslj the internal 
organs were in general normal with the exception of the testes, which were 
reduced in size, and of the spleen of the rabbit which had received the largest 
amount of polyvinyl alcohol, which w'as approximately three times normal size, 
firm and dirty grayish red, and showed distinctly the grayish white follicles 

In sections stained wuth hematoxylin-eosin the followung microscopic observa- 
tions were made 

Brain There was an occasional small focus of glia cells which were partly 
balloon-like in character and were located in a loosened fibrillar matrix containing 
in a few instances vacuolated and degenerated ganglion cells In 2 rabbits large 
round foam cells were found in the choroid plexus 

Lungs The pulmonary lesions observed in the 3 rabbits were identical in type 
but varied in degree, depending on the amount of polyvinyl alcohol administered 
There were more or less marked and diffuse perivascular and peribronchial 
eosinophilic infiltrations, usually containing a fair a admixture of mononuclear 
and lymphoid elements A considerable number of small blood vessels and capil- 
laries w'ere clogged and su rounded by such cellular accumulations In several 
more advanced vascular lesions of this type there were small cavities, each with a 
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central bluish-stained homogeneous mass surrounded bv S 3 nc 3 'tial multinucleated 
formations and mononuclear foam cell elements mixed with eosinophilic leukocytes 
The parts of an endothelial lining preserved in some of them demonstrated that 
these lesions were actually of vascular origin and had derived from vessels occluded 
bj leukocytic thrombi A few larger \essels, filled with blue niattei, vere lined 
b}^ cushion-like thickenings of endothelial cells, some of which were sw’ollen and 
exhibited foami C 3 toplasm In a few' cases there were multinucleated giant cells 
intermixed w'lth the endothelial cells forming these thickenings Occasionally a 
crescent-shaped portion of the endothelial lining of a blood vessel had been lifted 



Fig 7 — Pulmonary vein containing a crescent-shaped subendothelial imbibition 
of polyvinyl alcohol 


oflF its base by a highly edematous subendothelial tissue containing a few mononu- 
clear cells, sometimes arranged in a rosette-like cluster (fig 7) Smaller vessels 
w^ere filled w'lth solid plugs of large pale mononuclear endothelial cells, apparently 
sw'ollen and proliferated, and were surrounded b 3 dense accumulations of 
eosinophilic leukocytes 

Heart The myocardium w'as normal The interstitial tissue contained several 
small foci of large mononuclear cells located near or w'lthin capillaries 
Aorta The vessel was normal 
Thymus The organ was normal 

Liver The liver cells were swollen and pale and filled wuth a fine granular 
citoplasm The Kupffer cells were apparently normal 
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Spleen The follicles in general were well preserved The pulp was hyperemic 
and contained scattered groups of foam cells m the 2 rabbits which had received 
tlie lower doses The splenic pulp of the third labbit, which had exhibited the 
enlarged spleen, presented a massue accumulation of foam cells 

Adrenals The medullary reticuloendothelial cells were greatly swollen and 
part!} of foam cell character 

Kidnejs The kidneys of 1 rabbit were normal, and those of a second animal 
showed marked degeneration of the tubular epithelium in the corticomedullary 
zone The endothelium of the glomerular tufts of the third rabbit presented the 
typical balloon-iike swellings already described, diffuse tubular degeneration and 
obliterative endothelial proliferations in some interstitial small vessels 

Testes There was complete or extensive arrest of spermatogenesis in the 
testes of all 3 rabbits The spermatogenic epithelium was moderately to markedly 
atrophic and thinned Some tubules contained desquamated spermatids and multi- 
nucleated spermatid giant cells 

Epididymides The lumens of the ducts were filled with masses of immatuie 
round spermatic cells and giant cells, mixed with debris 

Bone klarrow The mairow of the sternum consisted of loose myeloid fat 
marrow revealing impaired erv thropoietic activitv in all 3 rabbits and reduced 
myeloid proliferation in 2 rabbits There were, however, numerous eosinophilic 
and megakaryoev tic cells The marrow of the rabbit which received the largest 
dose of polyvinyl alcohol contained several small foci of large interstitial cells 
with foamy cytoplasm 

Sections stained vvitli compound solution of iodine showed the following 
changes 

Brain Blue granulation was found in perivascular gha cells It was dis- 
tributed diffusely m smaller areas of the brain within large foam cells These 
were partly gha cells and partly swollen ganglion cells (fig 8) Blue matter 
of a spongy appearance, filling the entire lumen, or of a homogeneous type, 
coating the inner wall of blood vessels, was distributed widely in the brain 
Often some of the vessels contained deep blue-stained “corpuscular” matter side 
by side with brown-stained erythrocytes There was also blue matter in the 
veins of the choroid plexus and within large foam cells of its interstitial tissue 

Lungs Blue granules were observed in swollen pale cells blocking the lumens 
of smaller vessels and in subendothelial crescent-shaped spaces Numerous blood 
vessels were blocked by homogeneous blue-colored plugs 

Liver Only a few Kupffer cells contained small blue globules The liver 
cells were free from any blue matter Somewhat larger amounts of blue matter 
were seen in vascular lumens 

Spleen The pulp contained blue globules in varying number The deposition 
of the polyvinyl alcohol in the spleen of the rabbit which had received the 
largest amount was so abundant that the section had already grossly a bluish 
color Reticular cells and sinusoids were clogged with blue masses which involved 
the entire pulp In a second rabbit, especially, the subcapsular zone was the 
site of the blue inclusions and imbibition Small accumulations of minute blue 
globules were observed within the walls and in the perivascular tissues of several 
perforating arteries 

Adrenals The reticuloendothelial cells were loaded with blue matter to 
such an extent that in the medulla blue-colored cells seemed to be the pre- 
dominating cells There were dense deposits of blue globules in the histiocytes 
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of the capsule and of the peripheral cortex as well as in the cortical cells 
themselves The blue content of the cortical cells gradually decreased toward 
the center, followung in its distribution the columnar arrangement of the cells 
in the zona fasciculans The periadrenal fat tissue showed not onlv histiocetes 
containing a fine blue granulation but also fat cells proper w'lth large blue globules 



Fig 8 — Focus of glia cells and ganglion cells highly infiltrated wutli polyvmj 1 
alcohol, located in the brain stem 

Testes and Epididymides Numerous blood vessels contained blue globules 
or a homogeneous coating or a spongy, hoiieycomb-hke matter The interstitial 
cells in the testes were engorged with fine blue granules The spermatogenic 
epithelium, however, was ahvays free from blue inclusions Dustlike blue granules 
filled the fibroblastic layer of the tunica vaginalis The histiocytes and fat cells 
of the peritesticular and periepididimic fat tissue show'ed numerous blue-colored 
globular inclusions 
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Bone Marrow The marrow of the sternum of 1 rabbit only revealed a few blue 
globules situated within the hinicns of sinusoids 

Sections stained with scarlet red for the demonstration of fat in general 
reeealed none The presence of fine, dusthke red granules m the interstitial cells 
of the testes of 1 rabbit formed the only e\ception to this rule 

Inasmuch as the results of a detailed study of the various hematic reactions 
following intrascnous administration of poh vinyl alcohol wull be reported in a 
separate communication, it maj suffice to mention here that after several intra- 
venous injections of polyvinyl alcohol theie occurred m the rabbits a marked 
decrease in the coagulabiliU of the blood, a considerable lengthening of the bleed- 
ing time and moderate anemia and leukopenia 

COMMENT 

Polyvinyl alcohol subcutaneously administeied is retained to an appie- 
ciabie degree and fot an extended period at the site of injection Theie 
it causes necrosis and pioduction of a gianulation tissue composed of 
histiocytic foam cells and multmucleated giant cells resembling closely m 
morphologic chaiactei the mflammatoiy tissue observed after injection of 
paiaffin (Hueper ’’) and unsatuiated fatty acids (Hass®) The phago- 
cytic cells aie active m bieakmg up and ingesting the masses of foreign 
material and piepaiing it theieby for distribution to i emote organs by 
way of the blood stream The lymphatic channels seem to play only a 
minor lole m this process, as the lymph nodes show lelatively little 
evidence that they paiticipate m the mobilization and general distribu- 
tion of the compound On the other hand, varying amounts of poly- 
vinyl alcohol can be demonstiated within the lumens of blood vessels m 
various organs and paits of the body The polyvinyl alcohol retained 
at the site of injection acts as a depot from which over a period of 
w^eeks the compound is dischaiged giadually into the ciiculation While 
present in the blood, polyvinyl alcohol is not taken up evidently by the 
phagocytic leukocytes, but lemams extracellulai , either finely dispersed 
in the plasma oi forming larger and smallei globules within the plas- 
matic mattei The polyvinyl alcohol shows a marked tendency to coat the 
inside of blood vessels, especially those of smaller caliber, or to occlude 
their lumens The latter phenomenon seems to be especially frequent 
and piobably most peisistent m the lung, as the walls of the smallei 
vessels of this organ leveal the most marked and striking evidence of 
the injurious effect of polyvinyl alcohol lodged m their lumens Fol- 
lowing an arrest of leukocytes in the pulmonary capillai les thus damaged, 
there occurs a swelling of the endothelial cells, with foamy tiansforma- 
tion of the cytoplasm by intracellular imbibition of polyvinyl alcohol 
The subsequent degeneiation of the endothelial cells may cause secondaiy 

5 Hueper, W Frankfurt Ztschr f Path 29 276, 1923 

6 Hass, G M Arch Path 26 956 and 1196, 1938 
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excessive pioliferation of these cells or may result in leplacement of the 
endothelial lining by multinucleated giant cells and histiocytes, while 
at the same time there is nioie or less dense peiivascular and vascular 
infiltration by eosinophilic leukocytes and mononuclear cells The poly- 
vinyl alcohol appears occasionally to seep thiough the injuied endo- 
thelial lining and to accumulate in the subendothehal space, forming 
thereby a myxomatous-hke blister Polyvm} 1 alcohol penetrating 
beyond the vascular wall into the interstitial tissue is engulfed by his- 
tiocytes, which are transformed thereby into foam cells The most impor- 
tant and characteristic late lesions produced m the lungs by the retention 
of polyvin)d alcohol aie represented b} scatteied obliterative pulmonary 
arteriosclerosis 

The vasculai reactions observed m other organs (brain, liver, testes 
and others) are in general less spectaculai vith tlie exception of those 
seen in the kidney In this oigan the polyvinyl alcohol while passing 
through the glomerular tuft is letamed b} the capillary endothelium of 
this poition of the lenal filter and, accumulating in the endothelial 
cells, causes then more or less marked ballooning and ultimate disinte- 
gration The letention of polyvinyl alcohol in the smaller branches of 
the renal arteries is followed by an escape of this substance through the 
damaged walls into the inteistitial tissue, wheie it may cause not only a 
chronic inflammatory reaction of the foreign body type but also a dififuse 
and highly destructive imbibition of the alcohol by the tissues The 
coating of the walls of the lenal vessels with polyvinyl alcohol may also 
be one of the mam leasons for the more or less extensive tubular 
degeneration present in most of the affected kidneys The physico- 
chemical qualities of the substance make it likely that such a film may 
interfere seriously with the pioper exchange of nutritive substances and 
metabolites between the blood and the cells of the Aascular wall as well 
as of the surrounding tissue 

This mechanism also may account foi the degenerative changes found 
in the testes of 1 rat and the rabbits which showed the vascular coating 
just mentioned 

The cellular elements chiefly engaged in the lemoval of the polyvinyl 
alcohol from the blood and in its subsequent and prolonged storage are 
the reticuloendothelial cells of the spleen, adrenals and Iivei and to a 
minor extent also those of the lymph nodes The reticular elements of the 
bone marrow apparently do not participate in this process The degree 
of phagocytosis of the polyvinyl alcohol by the leticuloendothehal cells 
vanes considerably with the different animals In those showing this 
process there is most markedly developed not only generalized and 
extensive swelling but considerable proliferation of the reticuloendothelial 
cells, and with the massive accumulation of foam cells there lesults a 
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remarkable change in the morphologic appeal ance of certain organs 
(spleen, liver, adrenals) 

Fixed tissue cells with phagocytic qualities usually participate in the 
intracellulai storage of the mobilized polyvinyl alcohol Histiocytic 
foam cells located m the subcutaneous tissue, m the lungs and heart, m 
the panel eatic, testiculai. epididymic and periadienal connective tissue 
and in the choioid plexus contain polyvinyl alcohol m finely gianular 
form With highly cxcessne storage the glia cells of the biain also 
become engaged m the stoiage of this chemical 

The polyvinyl alcohol does not seem to penetiate into any paien- 
cliymatous cells with the exception of the renal tubulai epithelium, 
adrenal cortical cells and occasionall> some of the ganglion cells of the 
brain While the presence of polyvinyl alcohol in the renal epithelium 
seems to be mainly a tiansitoiy excietoiy phenomenon, the occurrence of 
the compound m the ceiebial ganglion cells must be consideied as the 
result of active absorption and retention Fat cells m various paits of 
the body and fibroblasts of the testiculai tunica vaginalis are the only 
other cells which ingested pol)'vinyl alcohol 

The organic lesions lesulting fiom lepeated intravenous administra- 
tion of an aqueous solution of polyvinjl alcohol are essentially identical 
m type and distribution with those produced by subcutaneous introduc- 
tion of polyvinyl alcohol It is lemarkable, however, that the most 
severe and extensive lesions occui m the lungs, spleen and testes when 
the intravenous route is used, while the kidney, liver and spleen are 
the sites of the most marked changes following subcutaneous administra- 
tion of this compound 

In analyzing the data presented, it becomes evident that the several 
physicochemical properties peculiar to polyvinyl alcohol (large molecular 
size, viscosity of the aqueous solution, precipitability from a colloidal 
liquid state to a particulate hydrated gel state through changes m the 
salt concentration of the medium, dispersibility of the aqueous solution 
m the blood, marked resistance against chemical or enzymatic degrada- 
tion) in combination are the causes underlying the various organic lesions 
observed It seems reasonable to assume that the laige molecular size 
of this compound represents probably the mam reason for the difficulties 
encountered in its elimination through the kidneys Polyvinyl alcohol, 
once having entered the organism, is retained, therefore, to an appre- 
ciable degree, as it cannot pass readily through the renal endothelial 
filter The retained portion of the polyvinyl alcohol is thus stored in 
reticuloendothelial cells, in various phagocytic cells and in interstitial 
tissue spaces, as its metabolic destruction or degradation into smaller 
molecules apparently cannot be accomplished by the body cells The 
morphologic changes produced in the spleen, liver and to some extent 
also the brain possess a certain degree of similarity with those observed 
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in lipoidoses of the Gaucher and Niemann-Pick types It is intriguing 
to speculate on the role which excessive moleculai si/e of the retained 
and stored lipids may possibl}' play in the causation of these symptom 
complexes One may considei also the possibility that large moleculai 
size combined with the inabiht}'- of the body to metabolize the formed 
pioduct is responsible foi the deposition of substances such as amyloid 
The absence of polyvinyl alcohol, demonstrable by histochemical 
methods, m the vaiious oigans following oral ingestion of large amounts 
of this substance supports the conception that the gastrointestinal mucous 
membrane is not leadily permeable to this maci omolecular compound 
Howevei, it is still unceitam whethei this impermeability of the cellular 
membrane is complete, as it seems to be likely that the degiee of poly- 
merization of the polyvinyl alcohol, and therefore the molecular size of 
the individual aggregates, is not unifoim thioughout the solution, thus 
permitting possibly the penetiation of the smallci -sized molecules while 
preventing that of the macromolecular type 

The observations made with the help of the histochemical color 
reaction indicate that the polyvinyl alcohol remains to an appreciable 
extent m a colloidal liquid state and is phagocytosed also in this form 
by the reticuloendothelial cells and various other cellular elements 
Theie exists, however, some evidence suggesting that a pait of the 
polyvinyl alcohol is changed into a finely divided, paiticulate gel form 
This t3'pe of intracellular and extracellular deposition is repiesenled by 
the grayish blue-stained minute granules found free m the tissue at the 
site of injection as well as within histiocytes in different parts of the 
body The chemical chaiacter of the highly reflective stung}’’ inclusions 
in some of the giant cells piesent in the granulation tissue at the site of 
injection is unknown It appeals to be possible that, in analogy with 
the observations made by Hass ® in connection v ith subcutaneously 
deposited unsaturated fatty acids, these foimations lepiesent higher 
polymerization pioducts of polyvinyl alcohol, lesulting from the action of 
the physicochemical conditions and processes of the tissues on this sub- 
stance It IS remarkable that neither the leukocytes of the cii dilating 
blood nor those present in the bone marrow seem to phagoc}tose the 
polyvinyl alcohol globules oi granules, while these aie ingested leadily 
by many othei phagocytic cells Additional study is needed m i egard to 
the nature of the blue-colored “corpuscles” seen in the blood, as these 
may represent either globular solid precipitations of polyvinyl alcohol 
or blood cells (platelets or eiythrocytes) covered by a suiface film of 
condensed polyvinyl alcohol 

Histochemical investigations with polyAunyl alcohol aie facilitated 
greatly by the fact that this substance can be traced easily in the various 
tissues and cells by its chai actenstic and specific color leaction with 
compound solution of iodine As the chemical foims with formalde- 
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h3de a compound insoluble m watei and is insoluble in alcohol and 
\}lene, no special precautions are needed m the handling of tissues to be 
used foi the histologic demonstration ol polyvinyl alcohol 

SUM MARY 

Pol3vin\l alcohol mtioduced subcutancousl3f oi inti avenousl3’’ into 
rats and lahbits is letained in the oigamsin to an appieciable amount 
and foi a consideiable tune 

The injected chemical is stoied m (a) the i eticuloendothehal cells 
of the spleen hvei and lymph nodes, (b) the endothelial cells of the 
blood Aessels ol the biain, lung and kidneys, (c) the histioc3hes of 
various organs and occasionally (d) the gha cells and ganglion cells 
of the biain 

The mnei wall of blood vessels is often coveied by a coat of poly- 
vinjd alcohol, which maj result, especially in the lung, m damage to 
the endothelium with development of piohfeiative and obliterative pul- 
nionar3 arteriolar lesions 

The pohMuyl alcohol piesent m tissues and cells can be demonstrated 
readily in sections by its characteiistic and specific blue coloi leaction 
with compound solution of iodine 

The character and extent of the oiganic lesions pioduced are i elated 
to the physicochemical pioperties pecuhai to polyvinyl alcohol (large 
moleculai size Mscosity of the aqueous solution, precipitabihty fiom a 
colloidal liquid state to a paiticulate solid state by changes of salt con- 
centration, marked resistance to chemical as well as enzymatic metabolic 
degradation) 



Case Reports 


PLACENTA ACCRETA 
Harold H Noran, M D , Minneapolis 

“Placenta accreta” refeis to abnormal adherence of the whole or 
of part of the placenta to the uterine wall after laboi The placenta 
does not become detached spontaneously and resists forceful manual 
expression Irving and Heitig’^ found placenta accreta m 1 of every 
1 956 deliveries, but Kraul, of Vienna, gave its fiequency as 1 m 
every 20,000 births 

At the University of Minnesota the condition was noted in only 1 
of about 28,000 postmortem examinations, but only a very small pro- 
portion of these examinations (under 5 per cent) weie made on ^\omen 
who died shortly after labor Among about 30,000 routine surgical 
specimens there was only a single example of placenta accreta The 
higher frequency noted by Irving and Hertig may have been due to 
the inclusion of cases of paitial adheience, a condition which is easily 
overlooked 

This report deals with 2 cases In the first the condition was 
observed at postmortem examination, m the second it was disclosed on 
surgical lemoval of a uterus 

REPORT or CASES 

Case 1 — A married woman, 31 years of age, consulted a physician on June 
5, 1931, because of "gas on her stomach” and a feeling of abdominal pressure 
after eating She had 1 child, 11 years old, and had had no miscarriages The 
menses had been regular, with no abnormal pain or bleeding There was no 
albumin or sugar in the urine The physical examination revealed nothing of 
importance except moderate enlargement of the uterus Curettage was performed 
June 16, 1931, but there is no report of a microscopic examination of the 
curettings Immediately after the curettage 75 mg of radium was inserted into 
the uterus and left for twenty-eight hours, giving about 2,100 milligram hours 
The menses ceased entirely from that time until the summer of 1936, when a 
very scanty flow began In April 1937 pregnancy of six or seven months was 
diagnosed On March 21 the blood pressure and urine were normal On April 
18 the systolic blood pressure was 160 mm of mercury, and the urine showed 
albumin On April 26 the blood pressure was 170 mm of mercury, and the urine 
showed a heavy content of albumin 

On Mav 1 the patient was admitted to a private hospital A few rales were 
heard at the bases of the lungs The uterus was about 1 inch (2 5 cm ) above the 
umbilicus, and there was pitting edema of the ankles The fetal heart was heard 
best in the right lower quadrant of the abdomen, the rate was 150 per minute 
The clinical diagnosis was preeclampsia It was decided to induce labor A 
Voorhees bag was inserted at 8 30 p m May 1 and was expelled at 2 35 am 
the next morning This was followed by the immediate delivery of a footling 

From the Department of Pathology, University of Minnesota 
1 Irving, F C , and Hertig, A F Surg , Gynec & Obst 64 178, 1937 
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breech The baby weighed lYz pounds (1,134 Gni ) and was placed in an incu- 
bator The mother was taken to the delivery room for repair of a second degree 
laceration of the penneum Hemorrhage was only moderate She was put to 
bed with the placenta retained Two very short convulsions occurred a short 
time after dcinery The blood pressure was about 210 systolic and 120 diastolic 
At 10 IS a m May 2 she grew worse The blood pressure dropped to 110 
svstolic and 80 diastolic At this juncture 500 or 600 cc of blood was expressed 
from the uterus Crede of the uterus failed to express the placenta An attempt 
to express the placenta manualK was unsuccessful At 11 30 a m the blood 
pressure was 100 sjstolic and 68 diastolic Large clots of blood were expressed 
The pulse became weak and irregular A consultant w'as called With much 
difficultj he remo^cd part of the placenta and stated that it gave the sensation of 
being firmly adherent and that no line of cleavage could be found To stop hemor- 
rhage It was necessarj to pack the uterus and the vagina An intravenous injec- 
tion of 2,000 cc of dextrose solution was administered, and later a transfusion of 
400 cc of blood was gn cn The blood W’as obviously compatible, and no trans- 
fusion reaction was noted After this she rallied a little At 1 45 p m the 

respiration became rapid, and she became c\anotic At 2 p m the blood pressure 
was 120 systolic and 80 diastolic, at 2 10 p m the systolic pressure was 68 
A 25 per cent solution of p\ ndine betacarbonic acid diethylamide (coramine) 
and a solution of epinephrine hydrochloride were administered, and she was 
gnen inhalations of oxjgen with carbon dioxide At 3 10 the blood pressure was 

120 sjstohc and 84 diastolic, at 4 30 the skin became cold and clammy At 

S 15 coramine and epinephrine were given, without any response being observed 
She was perspiring profusch At 9 p m the respirations became gasping Intra- 
venous therapj w'as impossible because of the collapse of the veins Respirations 
soon failed, and death occurred at 9 30 p ni 

Numerous examinations of the urine revealed albumin (4 plus), with a specific 
gravity varying between 1015 and 1035 A few pus cells and casts were constant 
features The blood revealed a hemoglobin content of 81 per cent and red cells 
4,250,000 per cubic millimeter 

No noteworthy changes were found at autopsy except in the liver, kidneys and 
uterus The liver weighed 1,700 Gm , there were multiple small hemorrhages 
under the capsule On section small hemorrhagic areas were seen, more marked 
in the right lobe Microscopically, these proved to be areas of hemorrhagic 
necrosis characteristic of eclampsia 

The right kidney weighed 150 Gm , the left, 175 Gm Microscopically, there was 
found thickening of the capillary basement membranes in the glomeruli, character- 
istic of eclampsia 2 

The uterus weighed 900 Gm On the posterior surface was a small myoma, 
measuring about 4 cm in diameter There were also a few very small interstitial 
myomas The placenta was implanted on the posterior wall of the corpus, its 
inner surface was rough, and it was so firmly adherent that it could be torn 
loose only in irregular fragments The right ovary contained a normal corpus 
luteum 

Microscopic study of the placenta and the uterus at the site of attachment 
revealed the most striking alteration to be a widespread hyaline degeneration of 
the decidua Only small islands of normal decidual cells could be found For 


2 Bell, E T Am J Path 8 1, 1932 
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the most part the decidual cells had assumed a solid homogeneous appearance 
and cell boundaries had disappeared (fig 1) Some of the chorionic villi among 
the degenerated decidual cells were also li\ aline The spongj la\cr of the placenta 
was narrow and inconspicuous ^lanj of the maternal blood sinuses were partiallj 
or completely occluded bj thrombi Numerous small areas of acute inflamma- 
tion were found in the placenta There were no significant changes in the 
mjometrium The decidual area was narrowed somewhat in certain areas, but 
the villi did not actualh penetrate the meometriiim Scattcied small foci of 
calcification were present in the region of the decidua and chorionic mIIi 



Fig 1 — Photomicrograph of normal human placenta Note the spongy laeer 

Case 2 — A married white woman, 40 \ ears of age, consulted her ph\ sician on 
Jan 29, 1937, because of profuse uterine bleeding of several days’ duration 
Menses had begun at the age of 14 years and had alwa\s been regular but 
excessive, lasting from five to seven da-\s Four pregnancies had occurred, all 
with normal spontaneous deliveries and no postpartum complications There 
was no history to suggest a miscarriage Because of unusualh severe menor- 
rhagia, in January 1932 50 mg of radium was inserted into the uterus and left 
for twentj'-four hours After this treatment there was no menstrual flow until 
January 1933, after which time the menses were irregular, coming at intervals of 
three to eight weeks, the menses were not painful In June 1933 injections of 
antuitrin (an extract of the anterior lobe of the pituitar 3 '^) were given one week 
apart Theie was temporar^ improvement in menstruation 
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. r V 1 103r, she bccan to ha^c d uh iitcnnc bleedings of small amounts 
\fter ^ov 1, 1 . 1 g profusely for 

rr ""el" She stcd hat to her knowledge she was not pregnant She com- 
about aweek She s d associated with the passage of clots 

^t'blood"^ Ph'La^ cNamination rcNcaled an old appendectomy scar and a mass 
! “r dus • U.C corpus „.cn ,vos found fo ,.c en.^.ed <0 -''odd 

ntf.m Ulth a three to four months’ pregnancv , it was sott ana u ggj 
^^’illhowed an old scar and blood escaping from the eternal os 



({ m a trace to 2 plus) along with 
Numerous urinalyses showed albumin There is no record as to whether 

numerous red blood cells and a few eu ocy hemoglobin content was 51 per 
the specimens were obtained by ^94 80^0*" with 91 per rent polymorphonuclear 
cent, the leukocyte count was , > hlood 500 cc each, were given on 

neutrophils Three ° avagmal hysterectomy was done The 

January 9, 10 and 17 On opened, the cavity was found to be 

uterus was large and boggy ^ . nnneared to be placental tissue adherent 

full of clots, and the surgeon saw w a , normal The uterus w'as sent to 

to the wall The other genital organs appeared norm 
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the pathologic laboratory at the University of Minnesota Grossly, it appeared 
to contain placental tissue, which could be separated from the uterine wall only 
with much difficulty It gave the impression that it was firmly attached When 
parts of It were forcibly separated, a rough ragged surface was left In other 
words, no line of cleavage could be found 

Microscopic study revealed a marked hyaline degenerative change in the 
decidua, similar to that seen in case 1 (fig 2) The decidual area was still 
present and was occupied by the hyaline decidual cells Only a few normal 
decidual cells could be made out The spongy layer was completely absent 



Fig 3 (case 2) — Photomicrograph of a section of the placenta at its site of 
attachment Note the hyaline decidua and the absence of the spongy layer 


Areas of hemorrhage and inflammation were scattered between the chorionic vilh 
A narrow zone of acute inflammation was found between the chorion and the 
decidua and also between the decidua and the uterine muscle The blood supply 
to the decidua seemed to be adequate Areas of subacute inflammation were 
scattered about in the underlying myometrium 

In the descriptions of placenta accreta in the literature an absence 
or a decrease in the amount of decidua basalis has been stressed In the 
2 cases presented here a decidual area was found that seemed to be 
about the same thickness as that observed in sections of normal placenta 
(fig 3) This also seems to be tiue of numerous photomicrogiaphs in 
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^anous cases, some of which appealed in Irving and Hertig’s aiticle 
on placenta accieta The most striking change m the decidua in the 
present 2 cases i\as hyaline degeneiation and not decrease in thickness 
It IS veil known that the placenta separates along its spongy layer 
Conti action of the uteiiis deci eases the size of the placental site The 
placenta is relatnely inelastic, and it follows that separation must occur 
if theie IS a cleavage line that offers only a little resistance This line 
IS foimed by the spong}^ layei Thus, if the spongy layer is deficient, 
spontaneous sepai ation cannot occui , and manual removal will be unsuc- 
cessful, because no line of cleavage will be present This is apparently 
vhat OCCUI led in the 2 cases piesented Both showed a definite altei ation 
of the spong}' layei 

On considering the undei lying etiologic factors involved, the unique 
featuie of the 2 cases is that both patients received intiauteiine n radia- 
tion piior to conception Irring and Heitig reviewed the literature of 
placenta accreta and found no cases in which iriadiation of the uteius 
vas recened before pregnancy Huidon ^ mentioned that in many cases 
pregnane}^ had occurred aftei ii radiation of the uterus for malignant 
and nonmahgnant conditions, as much as 10,000 mg having been given 
for the foimei and 4,500 mg foi the latter No notation is made of 
placenta accieta In the present 2 cases it seems that ii radiation before 
piegnancy is the etiologic factoi, but, since no similai cases have been 
recorded in the literature, the relationship may be merely coincidental 
Many investigators beliet e that previous complications of pregnancy, 
such as endometiitis, letention of the placenta, manual expression of 
the placenta and cesaiean section, are factors which lead to an infectious 
process which in turn causes the placenta to become adherent Many 
cases have been reported in which microscopic study revealed aieas of 
acute or chronic inflammation The occurrence of eclampsia in case 1 
is unusual Irving and Hertig in reviewing the literature found no 
record of a case in which placenta accieta in as associated with eclampsia 
It IS true that the placenta in case 1 overlies a myoma One theory 
IS that the ovum becomes implanted in atrophic endometiium overlying 
a myoma and thereby placenta accreta results In case 1, however, only 
one corner of the placenta overlay the myoma, so that the involvement 
was probably too small to cause more than slight atrophy of the endo- 
metrium, if any at all 

SUMMARY 

Two cases of placenta accreta are reported in which intrauterine 
irradiation had preceded conception There was no history of abnor- 
mality in previous piegnancies in either case Both placentas showed 
hyaline degeneration of the decidua and poor development of the spongy 
layer 

The 2 cases suggest that radium therapy before conception is a 
possible etiologic factor in placenta accreta, but in none of the many 
cases of pregnancy following irradiation which have been reported has 
any mention been made of placenta accieta 

The deficiency of the spongy layer prevents spontaneous or manual 
separation of the placenta 

3 Hurdon, E Proc Roy Soc Med 28 872, 1935 
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A COMPACT DEHYDRATOR 
A New Device for Dehydrating and Embedding Tissues 

George Lqbinsky, A B , New York 

In preparing tissues foi nucioscopic study, a number of diffi- 
culties are met In laboi atones where large numbers of specimens 
aie being prepared every day, a great deal of valuable time is lost in 
transferimg tissues fioni one solution to anothei, in coiking and 
uncorking numeious bottles and in cleaning those bottles after they 
have been soiled with paiaffin or pyroxylin (celloidm) Moieover, 
in pouring solutions out of bottles, bits of tissue frequently are dropped 
and then must be picked up with forceps, often a damaging process 
when very delicate tissues aie being handled 

Probably the most important difficulty encountered is the poor 
penetration of tissue when the pieces are a bit over the optimum size 
and he on the bottom of a bottle, exposing only one laige surface 
to the fluid This is especially serious when one is embedding tissue 
111 pyroxylin In this work veiy laige blocks of tissue aie fiequent, 
and thorough dehydration of all paits of the blocks is important 

In an effort to provide ourselves with some method which would 
overcome as many of these difficulties as possible, my associates and I 
devised a compact dehydratoi, with which we have had excellent results 
As will be seen, some of its featuies are based on devices used in the 
autotechnicon 

DESCRIPTION OF DEHYDRATOR 

This dehydrator consists of a series of five round trays, each measuring 3 inches 
(7 6 cm ) in diameter and 3/4 inch (1 9 cm ) in depth, with wire mesh bottoms 
and perforated metal rims, all nested on a perforated metal stage, 3j4 inches 
(8 9 cm ) in diameter, which is suspended by three rods from a flat metal cover, 
5 inches (12 7 cm) in diameter Each tray has removable perforated partitions 
The trays are nested so that each forms a cover for the one beneath, and a 
perforated disk covers the top tray and is held firmly in place by a rod, which is 
locked by a turn-screw above the supporting disk 

The entire device fits into an ordinary pyrex beaker with a smooth rim, the 
supporting disk serving as a covei for the beaker All parts which come in 
contact with the fluids are made of monel metal In order to insure thorough 
washing of the tissues, the dehydrator is placed in a metal beaker with an inflow 
tube near the bottom and an outlet near the top, thereby giving a forced current 
through the beaker Our original model was made to fit into a 1 liter beaker, so 
that It could be attached to an automatic embedding machine This necessarilv 
limited the size of the device 


From the Department of Neuropathology, College of Physicians and Surgeons, 
Columbia University, and the Neurological Institute of New York 
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For laboratories where large blocks of tissue or large numbers of small blocks 
are commonly embedded, a larger size which would fit into a 2 liter beaker could 
be employed to advantage When very small bits of tissue are to be dehydrated, 
a lining of extra fine mesh can be inserted in the trays 


METHOD OF USING DEHYDRATOR 

A short resume of the procedure employed by us in embedding a typical lot of 
specimens will help to explain our device The blocks of tissue are placed in 
the trays and arranged so that they he flat on the mesh bottom without overlapping 
each other The removable partitions make it possible to ai range the tissues from 
a number of subjects m a single tray The trays are placed one above another 
on the platform and are locked into place with the movable lid The entire device 
IS then placed in the metal beaker for washing After washing is complete, the 
dehydrator is lifted out and placed in turn m each of a series of pyrex beakers 
containing the various dehydrating fluids 

When the paraffin stage is reached, the dehydrator is transferred to the 
embedding oven, where beakers of melted paraffin are kept When ready for 
embedding, the movable lid is raised and the trays are lifted out m turn, and 
the tissues are embedded The empty traj'S are returned to the carrier and are 
placed in a beaker of waste xjdene to remove the paraffin They are then ready 
for the next lot of tissue 

Besides the obvious saving in time, we have found that the dehydra- 
tion of our tissues has been greatly improved, owing to the fact that 
the penetration takes place through all sui faces of the blocks of tissue, 
and that a much laiger amount of fluid is available (approximately 
twice as much per block as would be available in an ordinary specimen 
bottle) 

In our laboratory we frequently find it necessaiy to embed veiy 
large blocks of tissue in pyroxylin — for instance, complete cioss sections 
of the brain In order to facilitate the penetration of these blocks by 
the dehydrating and embedding fluids and the vaiious mordants 
employed, we are at the present time working on a variation of the 
dehydrator which would substitute stationary mesh stages for the 
lemovable tra^s If found practicable, this device will be reported 
at a later date 
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CULTIVATION OF TIiL VIRUSES 

A CRITICAL REVIEW 

MURRAY SANDERS, MD 

NEW ^ OUK 

The piemise is now geneially accepted that living cells aie necessary 
for the ciiltnation of filtiablc viiuses Tissue cultuies and chorio- 
allantoic membrane preparations have been utilized to this end with 
varying success The obMousl) fundamental importance of this work 
has attracted mam iiia estigatoi s, and claims for the propagation of 
numerous viruses have been made It is apparent to any one reviewing 
the field that there is not infrequently lack of agieement in results and 
that there is not a sufficiently definite leahzation of which viruses have 
01 have not been propagated In m3 opinion, this is largel}'’ due to 
the fact that there has been no unneisal acceptance of formulated rigid 
criteria 

The standards foi Mrus cultivation which I shall describe aie not 
new They mat^ e\en appeal obvious and their description lepetitious 
Hovever, the}' have been detei mined by the time-tried results of propa- 
gating such Mruses as vaccinia, yellow fever and fowl plague If these 
standaids aie accepted as the minimal requirements for judging whether 
there has been virus growth, the numbei of viiuses successfully grown 
Will be seen to be smaller than has hitherto been assumed 

STANDARDS TOR THE CULTIVATION OF VIRUSES 

First, one must make certain that what appears to be propagation 
of a virus is not survival of the original inoculum The mere demon- 
stration of the presence of a virus in vitio does not constitute demon- 
stration of the growth of that virus Confusion between survival and 
propagation may easily be avoided by cany mg the virus through a 
sufficient number of egg passages or cultme generations so that the 
original inoculum is diluted beyond the point of possible infectivity 
Absolute rules as to the necessary number of subcultures cannot be given, 
since the dilution of the inoculum will vary with the amount and the 

In this review superior figures indicate references m the bibliography at th" 
end of the article , superior letters designate footnotes 

From the Department of Bacteriology and the Department of Dermatology, 
College of Physicians and Surgeons, Columbia University 
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potency of the virus in the beginning and the volume of the preparation 
into which it was inoculated 

Second, an increase in the potency of the virus must occur Although 
mfectivity after high dilution may be an indication of increased potency, 
quantitative estimates aie desirable The degree of potency may be 
determined by cutaneous tests, b}'^ inoculation of animals oi, with the 
chorioallantoic pieparations, b)' a count of the lesions produced 
(Keogh , Burnet and Lush ") When these methods are not feasible, 
it may be possible to demonstrate the degiee of potenc} by neutraliza- 
tion with convalescent seium, as was done m the case of measles 
(Wenkebach and Kunert 

Third, it IS desirable that confirmation of claims foi the method and 
Its results should be foithcoming from one oi more investigators As 
will be seen later, confiimation has been consistent and frequent in 
regard to those viruses which have undoubtedly been propagated It 
IS only in cases ni vhich propagation has not been pioved that results 
of investigators seem to be at variance If this field of investigation 
IS to have peimanent significance, methods must be evolved which will 
permit consistent, piedictable results 

Fourth, the foimation of inclusion bodies m culture preparations may 
be considered piesumptive evidence of the propagation of a virus This 
must necessarily be the least rigid of the criteiia, because in some cases 
inclusions have not been found even in vivo and because it is possible 
to show undoubted cultivation of a virus without the presence of 
inclusions However, if inclusion bodies occur, the evidence for propa- 
gation becomes so much the stronger 

Fifth, bacterial and viral contamination and spontaneous appearance 
of viruses should be luled out by periodic identification of the vnus under 
investigation 


METHODS AND MATERIALS 

The in vitro cultivation of viruses utilizes two t 3 pes of preparations — the 
hanging drop and the flask "> The hanging drop preparation consists of bits of 
minced tissue (about 1 mm in the largest diameter) placed in a drop of plasma 
m the center of a small cover slip A depression slide, w'lth petrolatum on its rim, 
IS put over the cover slip, forming a small isolated sterile chamber The whole 
preparation is then inverted and sealed with paraffin The simplest hanging drop 
preparation consists of plasma diluted wuth a salt solution, and tissue Furthei 
additions of tissue extracts may be made This type of prepaiation involves small 
quantities of tissue and of mediums with correspondingly small inoculums and 
small production of viruses How'eter, such a system lends itself to accurate 
evaluation of specific components and to observation of microscopic changes asso- 

(a) Detailed consideration of tissue culture methods may be found in exten- 
sne treatises on this subject by Fischer,i^* Lewis and Lewis and more recently 
Parker Jt js to be understood that all steps in this technic are carried out under 
strictly sterile conditions 
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aatcci with the presence of a \iinb Tins is particulaily tiuc in studying inclusior 
bodies It IS also possible to \.iij the technic b\ using large Maximow depiession 
slides .nul to maintain eiilUiies at ttill 

riask cultures mas consist simply of minecd tissue (about 1 mm in the laigesc 
diameter) m salt solutions Tissue extracts and plasma may be added The 
flasks most commonlj used are the Ericnmesei Carrel, “Collar” (see section on 
^arIoIa-^acclnIa) and Roux One adeantage of this type of cultuie is the pro- 
duction of large amounts of Mrus The Carrel flask combines some of the 
advantages ot both t\pcs oi prepai ations, since it allows microscopic examinations 
at high inagnificafioiis and the pioduciion of a large amount of viius 

Sff/f Solution <! — The primarv function of a salt solution is to piovide a diluent 
containing essential salts in plnsiologic amounts As will be seen later, tissues 
not onh survive but also prolifciate to some extent m the presence of salt solutions 
alone Virus propagation, too, mav take place under such simplified conditions 
Tvrodc’s solution has been most fieiiucntlv used in tissue culture work asso- 
ciated with viruses The foiimila given below has been taken from Parker 


Sodium chloride 
Potassium cbloiide 
Calcium chloride 
Magiiesitiin chloride 
Sodium acid phosphate 
Sodium bicarbonate 
Dextrose 

Water (triple distilled) to 
Frcermg point* 


8 00 Gm 
020 Gm 
0 20 Gm 
010 Gm 

0 05 Gm 

1 00 Gm 
1 00 Gm 

make 1,000 cc 

0 62 C 


According to Parker, cloudiness and high alkalinity may be avoided by placing 
about 850 cc of triple distilled water in a 1,000 cc graduate and adding the 
ingredients in the order listed Ihc chemicals are thus dissolved completely and 
distributed throughout the entire volume When all ingredients have been dis- 
solved, water is added to make 1,000 cc The />« should be 7 4 to 7 8 Sterilization 
IS done bv passing the solution through a Berkefeld or Seitz filter Tyrode’s 
solution cannot be sterilized bv heating because of the piesence of bicarbonate 

I have found Simms’ salt solution very satisfactory It is made up in two 
concentrated solutions Fift}’’ cubic centimeters of each solution is added to 900 cc 
of double distilled vvatei The advantage of concentrated solutions is great, since, 
bj making up relatively small quantities of concentrates, a large store of salt 
solution is insured 

The formula of Simms’ salt solution, heretofore unpublished, is given here with 
the permission of Dr H S Simms, of the department of pathology. College of 
Physicians and Surgeons, Columbia University 


Solution A 

Sodium chloride 
Potassium chloride 
Calcium chloride (CaCl„ 

Magnesium chloiide (MgCljdH^O) 0203 


Solution B 

Sodium bicarbonate I 010 

Disodium phosphate (NaHPO) 0 213 

Dextrose ^ 000 

Phenol red 0 


Final Concentiation, 
Gm per Liter 
8 000 
0 200 

, 2H,0) 0 147 


Concentrate, 
Gm per Liter 
IbO 00 
4 00 
2 94 
4 06 


2020 
426 
20 00 
100 
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Solution A IS autoclaved Solution B is filtered through a neutral sinteied 
5/3 Jena glass filter and kept, stoppered, in the refrigerator Fifty cubic centi- 
meters of solution A IS added to 900 cc of double distilled water The whole 
IS then autoclaved Fifty cubic centimeters of solution B is added after autoclav mg 
Several months’ experience with the Simms’ salt solution has shown that tissues 
are maintained in it to a good degree, that its pu remains unusually stable and 
that it can be used as a diluent for tissue extracts and serum Concentration of 
the ingredients in “mother solutions” permits a constant source of supply The 
presence of phenol red as an indicator allows observation of the pn at all times 
Other salt solutions usea by various investigators include Ringer’s, Locke’s, 
Drew’s and Hartman’s 

Tissue Exhacts mid Plasma — Tissue extracts made from whole embryos or 
from organs (particularly the spleen) have been added to cultures to provide 
essential growth substances Carrel and his co-woikers contended that embryonic 
extract has the power of promoting cell growth (Parker and that only 
through the addition of such extracts are continuous series of tissue cultures 
possible However, m the propagation of viruses, seiial cultivation has not been 
hindered by the omission of tissue extracts Simms showed that embryonic 
and spleen extracts may contain substances that inhibit growth 

Plasma provides a permeable coagulum most commonly used for keeping 
tissues stationary in hanging drop and Carrel flask preparations Growth-producing 
factors seem to be present in the plasma, since cells can be grown in plasma diluted 
with salt solution Homologous plasma is commonly used but is not essential, 
particularly if homologous serum is also added Chicken plasma is satisfactory 
for tissues from many species 

Serum is frequently added to tissue cultures In the case of at least one 
virus, that of yellow fever, serum was found to be important for propagation 
Haagen^^^c was able to show that the growth of this virus was greatly reduced 
when serum was removed from the culture system 

Tissues — The all-important cells which provide the living elements for tissue 
cultures have been largely but not exclusively supplied by embryonic tissues The 
problem lies in selecting a host most gracious, and cells most receptive, to the virus 
Is the reaction between virus and host in vitro a specific once^ The answer 
cannot as yet be given categorically On the one hand, there is evidence that 
chick embroyonic cells provide some common denominator essential or desirable for 
the propagation of viruses, because many viruses not pathogenic for birds arc 
readily grown in their presence 

On the other hand, there is experimental evidence of definite specificity, for 
example, the fowlpox virus has been grown in tissue cultures containing chick 
cells and also on the chorioallantoic membrane, but when mouse tissue replaced 
chick tissue the virus did not respond (Findlay s) Virus HI grew m the presence 
of labbit tissue but not in the presence of chick cells (Ivanovics and Hyde^^^) 
The virus of foot and mouth disease, which attacks a large number of natural 
hosts, has been propagated with ease m cultures containing guinea pig tissue (see 
section on foot and mouth disease), but egg membrane (Galloway and Elford^o) 
and embryonic chick tissue (Maitland and Maitland produced no growth 

Recent experimentation with rabies has opened an interesting line of speculation 
in regard to tissue specificity of viruses In the past, several investigators reported 
that rabies did not grow on the chorioallantois, but when Dawson inoculated 
the virus directly into the brains of the embryos he met with success What 
had appeared to be a question of specificity was shown to be a matter of varving 
the route of inoculation — m other words, a question of technic Is it not possible 
that other so-called specific reactions will yield to similar improvements in technic’ 
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Iinestigators arc not in agreement as to the state of cells most favorable to 
the propagation of viruses Paikci niaintainecl that functional activity is 
desirable PloU,i^n> on the other hand, stated that proliferation was necessary 
for opUmal conditions of v irus grow th This agrees with the findings of Carrel 
for Rous sarcoma iNIaitland and Maitland reported that propagation of a 
virus (vaccinia) could take place in the presence of nonliving tissue undergoing 
marked autolvsis However, when Rivers, Haagcn and Muckenfuss 1=20 repeated 
that work, cells were found to be alive after five da)’'s and to be capable of pro- 
liferation after removal from the Alaitland medium to cover slip preparations 
Zinsser and Sclioenbacli found that growth of the vurus of equine encephalo- 
m}elitis occurred as long as cellular respiration increased, but that the nckettsia 
of tvplnis propagated as cellular respiration decreased 

ifaitland and Afaitland -- noted that the amount of virus growth was inde- 
pendent of the amount of tissue growth Hailauer-'" maintained that he was able 
to propagate the virus of fowl plague for 30 culture generations without tissue 
growth at 30 C According to ^fagill and Francis,'*'"' too small or too laige 
amounts of living cells may be detrimental to virus increase Hecke-'" found 
approximatel} the same rate of virus multiplication when 1 or 10 pieces of tissue 
were placed in cultures, but vvhcii 20 pieces were used, the virus increased at a 
faster rate 

Concerning the ratio of tissues to fluid medium, it has been suggested by Li and 
Rivers that 0 1 Gm to 4 to 5 cc is optimal However, in largei cultures they 
used 2 to 4 Gm of tissue m 15 cc of T)rodc’s solution According to Plotz,’-®^*' 
too much fluid maj be harmful, and with little fluid the tissues have a better 
opportunity for aeration Parker stated that when tissue cultures are used 
for the cultivation of viruses the ratio between mediums and tissues should be greater 
than under normal conditions 

It IS apparent that optimal cultural conditions vary with different viruses Some 
viruses have the ability to grow under widely v'aricd conditions, while others 
apparently require more rigidly controlled environments The virus of vaccinia, 
for example, appears to grow equally’ well in a nutritive system such as the chorio- 
allantoic membrane and in a preparation as simple as tissue and Tyrode’s solution 


AV'IAN POX (rOWLPOX) 

Ttssjie Cnllm es —In 1928 Findlay and Loewenthal ® succeeded m 
cultivating the virus o£ fovvlpox foi a small numbei of generations 

Flask cultures containing embryonic chick brain and skin were used 
by Findlay, who was able to demonstrate by the fourth generation a 
level of potency 20 times that of the original viius However, the fourth 
subculture showed a decrease in titei from that of the second and third 
subcultures This work was later repeated by Bierbaum and Gaede,’- 
who maintained the virus for 12 culture passages hut were unable to 
transmit the disease to mice 

(b) The technical aspects of chorioallantoic preparations have not been dis- 
cussed here Detailed consideration of this technic can be found m the following 
studies Burnet , Burnet , Goodpasture, Woodruff and Buddmgh ^ 
Woodruff and Goodpasture 
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Although the virus of fowlpox is usually considered as having been 
successfully cultivated, the evidence indicates that the propagation was 
only temporary and that the inciease in potency was small and 
unpredictable 

Chouoallantoic Piepmahons — ^The egg membiane has shovn more 
promise for the piopagation of fowlpOx virus than have tissue culture 
methods The viius of fowlpox was the first studied by Woodruff 
and Goodpastui e m 1931 Moie interested in the pathologic mani- 
festations than in the increase m potency, they made a thorough study 
of the former and neglected quantitative estimates of the latter They 
found that the macroscopic pathologic picture was more easily analyzed 
when a dilute inoculum was used In two days small opacities that 
represented ectodermal prolifeiation were visible The lesions weie less 
sharply defiijed than those of vaccinia and revealed only a minimum 
degree of inflammation and neciosis In five days some lesions leached a 
diameter of 1 cm 

It was the experience of Woodruff and Goodpastuie and of 
Burnet that the virus retained its pathogenicity for fowls after 
repeated egg passage Cytoplasmic inclusions (Bollinger bodies) were 
consistently present in almost every cell in the central portion of the 
lesion, becoming smaller and less frequent toward the periphery and 
absent at the edge Quantitative estimates of increases in potency were 
made by the pock-counting method 

Specific antibodies, previously shown to exist by Findlay,®*^ were 
demonstrated by the reaction of immune serums on infected egg mem- 
branes (Burnet and Lush The method whereby the number of lesions 
on the membrane may be pi oportionately reduced b)’- contact with 
immune serum is an important development of the chorioallantoic mem- 
brane technic and one which might well be applied to the identification 
of other viruses 

In the opinion of Burnet vaccine prepared fiom egg passage 
fowlpox virus would be efficacious and safe, but it has not been used to 
date 

CORYZA 

Tissue CiiUmes — In 1917 Foster’' inoculated filtrates of nasal secie- 
tions into tubes containing rabbit kidney and ascitic fluid covered by a 
layer of liquid petrolatum A second culture generation was thought 
to be pathogenic for man, but this fact was not confirmed 

Since that time the evidence for propagation of the coiyza vnus 
has been more definite In tube prepaiations containing one half of a 
minced chick embryo and Tyrode’s solution or buffered bouillon ( 1 2,000 
cysteine hydrochloride added) Dochez, Mills and Kneeland weie 
able to maintain the vnus foi 15 and 17 subcultures and to cause severe 
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“colds” in human volunteeis uith nialencil fiom final subculUncs of the 
senes Ponell and Clowes^ icpealcd tins woik, canymg the vnns 
thiough 31 cultuic geneiations, and dcmonsliated moie sevcie symp- 
toms m loluntecis inoculated with latei subcultuics than m those inocu- 
lated with eaih cultuie material EMdcnce of mi us giowth was the 
infectivit) of cultuies aftei the dilutions of the ongmal inoculum had 
reached 1 10-' (Powell and Clowes'') 

Doche/. Mills and Kneeland piovided fuithei conhimation when 
they obtained se\eie sjmptoms In inoculating the fiftieth transfei of a 
senes cultnatcd undei anaeiohic conditions d he same gciieiation of a 
culture glow 11 aerobicalh caused no symptoms 3 he) lepoitcd that 
transfer of cultures had to he earned out c\ei\ two to tlnec da\s to 
inanitam the Mrus stiani 

In Mew' of the definite confnniation, the laige nuinher of subcultures 
and the increases in potency (as measured In dilution ot ongmal inocu- 
lums), the propagation of a filtiablc agent capable of pioducmg symp- 
toms referable to the uppei respiiator) tiact should he acknowledged 
Cho) loallatifotc Pt cpaiatious — Matcnal fiom the third generation on 
chorioallantoic pieparations pioduccd model atcl\ scwerc “colds*' m 
human volunteeis (Kneeland. Mills and Doche/ '‘^) The ongmal 
inoculum consisted of 0 2 cc of a concentiate of a filtrate of matenal 
from the nasophannx of a patient suffering with an acute head cold 
A similar amount of ground-up choiioallantoic mcmbianc was used as 
the passage inoculum Mthough no quantitative estimate w'as made, 
the great dilution of the original inoculum seemed to indicate propaga- 
tion of the virus 

Pathologic examination of the infected egg membiane levealed small 
opaque foci, similai to those desciihed foi mfluen/a In spite of the 
similarity of lesions, the authois concluded that theie was no relation- 
ship betw^een the virus wduch they investigated and that of mfluen/a 
It IS apparent that m this case tissue culture methods pioduccd better 
lesults than the chorioallantoic technic Confiimation with moie cKten- 
sive egg tiansfeis is desiiable befoie piopagalion b} this method can 
be conceded 

ECl ROM ELI A 

Tissue Cultuies — Dowmie and McGaughey cultivated the vnus of 
ectromeha for 7 cultuie geneiations in prepaiations of mouse einbiyomc 
tissue, mouse serum and Tyrode's solution The increase m potency of 
the final culture w^as estimated at 6 X 10 The authois noted degen- 
eration of cells and could demonstiate the viuis m both the tissue and the 
mediums of the cultures When sei um was not added oi w hen embryonic 
chick tissue replaced the mouse tissue, multiplication of the viius still 
occurred Plowever, at no time was the viius pathogenic for young 
chickens Inclusion bodies w^ere noted m explanted cells 
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The same authois also demonstiated that immune serum when 
added to infected cultures did not neutralize or destroy the vnus, 
although increase was hindered 

Although the evidence for propagation appears to be consistent, 
further confirmation with greater numbers of subcultures is desirable 
Choi toallantoic Pi epaiahons — The virus of ectromeha was culti- 
vated on the chorioallantois by Burnet and Lush ® and by Paschen 
Paschen repoited 18 successful egg passages As the number of 
egg transfers increased, embr}^!!^ death occurred more frequently, and 
pathologic changes m the membiane became moie maiked Inclusion 
bodies could be seen in stretch preparations 

Burnet and Lush stressed the fact that virus growth occurred only if 
eggs were incubated at 36 to 37 C They found also a seasonal variation 
m the effectiveness of eggs During the spring season the cultivation of 
the virus was more difficult than in the winter and summer In the 
latter seasons passage of the virus could be done at will 

The pathologic changes noted by both groups of authors were essen- 
tially similar Ectodermal proliferation and necrosis were apparent as 
small opaque foci with occasional satellite forms If eggs were incubated 
at 36 to 37 C , death of the embryo was regular and occurred between 
the third and fourth da)'-s At the usual temperatures of incubation 
survival of the embryo was the rule 

ENCEPHALITIS (JAPANESE b) 

Tissue Cultia cs — Successful propagation of the virus of encepha- 
litis (Japanese B) vas observed for 16 culture generations m the pres- 
ence of embryonic chick liver (Haagen and for 40 subcultures m 
the presence of embryonic chick heart (Haagen and Crodel The 
results have been consistent With a dilution of 1 1,000,000 of the 
fortieth culture transfer, Haagen and Crodel were able to infect 3 of 3 
mice (intracerebral inoculation) However, when rabbit testicle replaced 
the chick tissue, no growth of virus took place The authors also tried 
testicular and splenic tissue from young adult rabbits and mice The 
cells were bathed for fifteen minutes in an emulsion of infected mouse 
brain and then explanted into hanging drops of plasma and embryo 
extract In general, adult testicle was better than spleen No difference 
m the affinity of cells for the virus was noted among various embryonic 
tissues 

The large number of subcultures, the consistency of the results and 
the high dilution at which the cultures showed activity bear weight for the 
propagation of this virus Further confirmation is desirable and appears 
to be only a matter of time 
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Chouoallantoic Piepaiatwns — Haagen reported 42 egg passages, 

\\ ith increased vii ulence in the last passage Haagen and Crodel 
infected 3 of 3 mice w ith a 1 10,000,000 dilution of the seventy-fifth egg 
generation They put 3 drops of a 10 per cent emulsion of infected 
mouse brain into the choiioallantois of eggs incubated foi fourteen days 
and used an emulsion of the membrane foi egg passage inoculums 
After the twenty-thiid passage, serum was added to the Ringer’s solu- 
tion as diluent to offset the deteriorating action of this solution Egg 
transfers were done every three days Macroscopically, a fibrinous 
exudate was apparent on the membiane, but on histologic examination 
only infiltration uith inflammatoi} cells was noted m the cctodeim and 
mesoderm Nuclear and cytoplasmic changes m the ectodermal cells 
suggested inclusion bodies The virus was present m the heart, brain, 
liver, spleen and blood of the embiyo, as demonstiated by the infectivity 
of these tissues for mice, but no pathologic change uas noted on micio- 
scopic examination of the enihr^onic tissues 

EXCCPHALITIS (ST LOUIS ) 

Tissue Cultwes — The St Louis viius has been successfully propa- 
gated in the presence of embryonic mouse brain by Syverton and 
Berr},^® Harrison and Moore and Schultz, Williams and Hetheiing- 
ton^^ These groups recorded 19, 26 and 16 transplants, respectively 
Schultz, Williams and Hetheiington reported activity at a dilution of 
10~‘, but the other two groups agieed on virulence at a dilution of 10~“ 
regardless of which subcultures Avere tested With immune serum added 
to the cultures, mice were protected against infection at dilutions of 10~^, 
10"^ and (Harrison and Moore 

When embryonic cluck tissue Avas substituted for embiyonic mouse 
brain, propagation also occurred (Harrison and Mooie When adult 
mouse brain AA^as used, only 6 cultuie generations AAcre successful 
(Schultz, Williams and Hethermgton) 

Chorioallantoic Pi epaiations — This virus has been passed through 7 
and 10 (Harrison and Moore 15, 16 and 22 (Schultz, Williams 
and Hethermgton^^) and 68 egg generations (Smith ^') 

In the recent aa ork of Smith the original inoculum consisted of 
about 0 1 cc of an infected mouse brain AAdiich Avas Aurulent for animals 
at a dilution of 10~® There AA^as no evidence of inci easing adaptation 
of the virus to the chorioallantois, and vii ulence Avas consistently marked 
at a dilution of 10“- regardless of the egg geneiation Interestingly 
enough, the brains of mice dying as a result of inoculation Avith virus 
from the sixty-seventh egg passage Avere virulent in exactly the same 
dilution as the original inoculum, namely 10~® HoAvever, theie can be 
no question of propagation of the virus if notice is taken of the tremen- 
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dous final dilution of the oiiginal inoculum A possible explanation of 
the persistence of activit}'^ at a dilution of 10“^ is that virus giowth 
rapidly attains and keeps a definite level in tissue cultures oi in choiio- 
allantoic preparations 

The pathologic changes noted by Harrison and Moore weie in 
essential agi eeinent v ith those observed by other iiwestigatoi s Cloudy, 
proliferative lesions with central necrosis and with involvement of all 
layers occurred m the membranes m four to seven days No lesions weie 
found 111 the embryos, although they frequently died, and viius could be 
recovered from the brain, hvei, spleen and membranes If the chicks 
were allowed to hatch, some paralysis occuried, and viius was obtained 
from their tissues Later, the same authors demonstrated extensive 
penvasculai cuffing vith mononucleais m some of the brains 

EQUINE ENCEPHALOMYELITIS 

Tissue Cliltw cs — The viius of equine encephalomyelitis was suc- 
cessfully propagated by Ohtsky, Cox and Syverton m 1934 It was 
transmitted through 53 culture generations m flasks containing chick 
embryo and Tyrode’s solution The forty-ninth subculture caused death 
in mice at a dilution of 10 ® The increase m potency was estimated 
quantitatively at 10 The following year Cox using a similar prep- 
aration, was able to show that lapid multiplication of the viius occurred 
m seventy-two hours He cultured amounts of viius too small to be 
detected by animal inoculation and after incubation of the cultures found 
a virus concentiation of at least 1 10,000 Lethal animal doses were 
obtained after furthei dilution of 1 10,000 

Choi wallanfoic Pi epai atwns — Higbie and Howitt passed ground 
embryonic brain from egg to egg and succeeded m maintaining a stiain 
of equine encephalomyelitis foi 7 and 8 egg passages Both the chorio- 
allantoic membrane and the brain of the embryo caused infection in 
guinea pigs Grossl)^ the infected membrane appealed patchy, gray, 
edematous, thickened and opaque The viius vas lecovered from the 
heart blood of the embryo The egg was easily used as a means of 
estimating the neutralizing ability of immune serum 

Covell studied the microscopic changes in chorioallantoic prepara- 
tions inoculated with this virus and found inclusion bodies in the brains 
of the chick embr 3 ^os but not in the membranes 

FOOT AND MOUTH DISEASE 

Tissue Ciiltui es — Definite multiplication m twenty-four hours was 
noted by Hecke when he cultivated the virus of foot and mouth disease 
in hanging drops of embryonic guinea pig skin He maintained the 
virus for 22 culture generations OA’-er a period of one hundred and 
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lhiit}-one cla}s Since tissue neciosis ^\as marked at 37 C and caused 
destinction of the mi us, Hecke incubated the cultuies at 30 C and 
found that the neciotic piocess was slowed wdnle the viius still propa- 
gated At 37 C the cultuies w-eie maintained foi only foity-nine days 
\ parallel senes at 30 C was cultivated foi eighty-one days Inci eased 
potenc} was demonstiated hy compaiing the infective dilutions of 1 1,000 
to 1 10,000 of eail} cultuies wnth the infectne dilutions of 1 10,000,000 
of latei cultures Viius piopagation also occuiied w'hen adult guinea pig 
testis was used, but it was slower and lasted only duimg 8 culture 
passages Fetal lung allowed viius mciease thiough 15 cultuie geneia- 
tions o\ei a penod of seventy-siK da}s Mecke latei lepeated this 
woik with similai results 

jMaitland and Maitland-- failed to piopagate the vnus m cultures 
of chick embno in Tyi ode’s solution and chicken plasma Flow'ever, 
when the contents of a vesicle from an infected guinea pig weie inocu- 
lated into cultures of the pads, lips and tongue of a guinea pig, cultivation 
of the Mrus was ohser^ed thiough 17 subcultures The last subcultuies, 
repiesenting a dilution of the original inoculum of about 4 8 X 10, weie 
infectious^'’ They w'eie stored in the lefiigeiator for thiee months, 
and fuither subcultuies weie then made, which showed an inciease in 
vnus aftei incubation in 50 cc of medium in Rouk bottles The highest 
titers 1 10,000 w^ere observed after three oi four days of incubation 
Foui guinea pigs which had lecovered from infections induced by cul- 
tuies were immune to normally infective doses fiom guinea pigs vesicles 
It w^as also possible to cultivate the vnus m embiyonic guinea pig kidney 
and, to a lessei degree, in adult guinea pig kidney 

Hecke found that the virus of foot and mouth disease w'as much 
more closely combined with the cells than with the fluid components of 
these pieparations This finding w^as confirmed by Strieglei wdio w^as 
able to cultivate the virus through 62 passages over a penod of three 
hundred and sixteen days wuth an estimated mciease m potency of 
10“^ Fie noted that the virus survived in Drew^’s solution foi thiee 
w^eeks, if glycerin was added, this period was extended eight w-eeks 

Cliot loallantoic Piepaiations — Gallow^ay and Elfoid"” show^ed that 
after inoculation into the chorioallantoic membiane the vnus did not 
survive tw^enty-four hours and that the embryo was unaffected They 
made use of this fact m establishing a quick effective method foi distin- 
guishing the viius of foot and mouth disease fiom vesicular stomatitis 

FOWL LEUKOSIS 

Tissue Cultwes — Furth and Stubbs-”'’ in 1934 were the first to 
report passage of the virus of fowl leukosis m tissue cultures Leukemic 
cells were cultured in Carrel flask prepaiations which contained plasma. 
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embryonic extract, chicken serum and Tyrode’s solution After 10 
passages a supposedly pure strain of chicken sarcoma was inoculated into 
chickens and caused erythroleukosis , the authors felt that two strains of 
leukosis had been simultaneously cultivated It was noted that the 
ability to produce ery tin oleukosis decreased with the disappearance of 
primitive blood cells 

Temporary maintenance of chicken leukemic cells was reported by 
Verne, Oberhng and Gueiin Hanging drop and Carrel flask prepaia- 
tions were used, but loss of virulence m nineteen and fifteen days, 
respectively, was detected as the cultures became fibroblastic in character 
Furth and Breedis experimented with various leukemic strains m 
preparations of chicken plasma, Tyrode’s solution and embryonic extract 
Tiansfers were made once a week A strain of myeloblastic leukemia 
after 7 culture transfers infected about 50 per cent of the chickens inocu- 
lated and multiplication of the virus occurred onl}’’ in the presence of 
round cells (myeloblast-like) The virus was maintained at least sixty- 
two days 

The same authors were able to produce osteochondrosarcoma and 
lymphomatosis in 1 of 3 chickens They used a strain which had been 
maintained in cultures for ninety-one days Partial success occurred 
with leukotic spleen tissue passed through 5 culture generations They 
were also able to maintain a strain of sarcoma-leukosis for sixty-seven 
and one hundred and fifty-eight days 

As a result of their experiments Furth and Bieedis stated that 
“oncogenic viruses multiply m vtUo only m presence of cells on which 
they confer neoplastic properties ” If such a view is correct, the propa- 
gation of this group of viruses resolves itself into a problem of the 
cultivation of neoplastic cells From the evidence to date, propagation 
has been only temporary 

FOWL PLAGUE 

Tissue Cultmes — In 1931 Hallauer reported cultivation of the 
virus of fowl plague for 9 subcultuies over a period of eighty-eight days 
Because he felt that viius growth had occuried at 8 C , a temperatuie 
which obviated viability of cells, he later attempted to establish 
growth m a cell-free medium but was unsuccessful Increased viru- 
lence was demonstrated when embryonic chick brain was used m Can el 
flask pieparations The highest concentration of virus occuired during 
the fourth day of cultivation and was followed by a lapid loss of 
potency However, when the Maitland type of culture was used, virus 
growth was more gradual and fall in titer slower 

Using Erlenmeyer flask prepaiations of chick embryonic tissue m 
Drew’s solution, Plotz was successful m passing the virus thiough 
15 cuture generations with dilution of the original inoculum to 248~® 
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Plot 7 and Ephmssi demonstialcd the ability of noiinal tissue to 
prolifeiate if tiansfeiied aftei seven da}s fiom the fluid medium to 
hanging diop pieparations However, if tissue fiom infected flasks 
\Nas taken, piohfeiation laicl} occtincd because of celltilai damage 
\M ought by the muis The same authors*^' also shoued that the viius 
of fowl plague was able to piopagate m the piesence of cells w'hich 
w'ere viable hut not in a state of piohfeiation Undei such ciictim- 
stances tenth passage viius m a dilution of 1 1,000 000 w^as able to 
infect and kill a chicken 

By using a stiain of viius cultuated on embnonic chick Inei cells, 
Hallatier was able to nnmuni/e chickens m two weeks against mas- 
sne doses of muis 1 he Inei tissue appealed to ha\e the facult} of 
low'eimg vnulence without i educing antigemcit) The inactivation of 
the VIIUS m these cultuies depended on the amount of inoculum, the 
degree of celltilai piohfeiation and the duiation of cultivation In 
vitro expel iments with immune seium \ieldcd lesults simiiai to those 
repoited b\ Rneis, Haagen and Muckenfuss with \accmia When 
immune serum w-as added to the explanted tissue befoie the addition 
of Ml us, neutralization of the muis occuircd, wdien it was added aftei 
the cells had been in contact with the viius, little oi no neutralizing 
effect was obsened 

Plotz repoited that the muis of fowl plague in tissue cultuies 
increased 50 times in twent)-foiu hours and 100 times m foitj- 
eight hours After 28 cultuic tiansfers a dilution ot 1 1,000,000 
was fatal to chickens lie found also that too much oi too little tissue 
m the cultuies inhibited the foimation of viius In anothei senes of 
experiments'®' he noted that embiyonic canaiy was as favoiable a 
medium foi this Mrus as embi}onic chick 

By 1934 Plotz'®*' had cultuated a stiain of viius foi two and a 
half years, making subcultuies every thiee days And in 1937 he 
reported propagation of the stiain foi fiie yeais, thiough 250 cultuie 
genei ations 

As IS apparent from the evidence, the mi us of fowl plague can be 
growm at will, undei knowm conditions, with predictable definite lesults 

Chouoallantoic Pi epai alioiis — ^Bmnet and Feiiy-® lepoited pas- 
sage of this VIIUS through choi loallantoic prepai ations The pi unary 
purpose of their investigation w'as to diffeientiate the viius of fowd 
plague fiom that of Newcastle disease No refeience w'^as made to 
the number of egg passages, but apparently no difficulty w^as encotin- 
teied in transmitting the disease fiom egg to egg Theie was no dif- 
ference in action between the Biescia and Afiican stiains of this 
virus 

Within fouiteen to eighteen houis aftei inoculations of the choiio- 
allantois the einbiyo died, death could be delayed slightly by diluting 
the inoculum Aside from an inciease in moistuie, slight edema and an 
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occasional opaque area, no characteristic changes in the membrane were 
noted Tht embryo showed generalized congestion, with some diffuse 
hemorrhage into the skin The principal pathologic differences between 
fowl plague and Newcastle disease (in egg preparations) appear to be 
the characteristic distribution and the circumscribed appearance of 
the hemorrhages produced m the embryo by the latter disease 

HERPES SIMPLEX 

Tissue Cultwes — Propagation of the virus of herpes simplex 
through 10 culture generations was reported by Parker and Nye in 
1925 These authors used an emulsion of infected rabbit brain or testis 
as the original inoculum in a hanging drop which contained normal 
rabbit testicular tissue in plasma from an infected rabbit The virus 
was not demonstrable after the tenth subculture, and no quantitative 
estimate of increased potenc)'' was made 

Confirmation of the first success with this virus has been ample, and 
in most cases similar preparations containing rabbit testicles have been 
used (Gildemeister, Haagen and Scheele , Andrewes , Saddington , 
Haagen Virus propagation, however, has also occurred in the 

presence of chick embryonic tissue (Haagen and rabbit cornea 
(Mitamura, Kitaoka, Watanabe and Ohkubo 

Although heipes simplex appears to offer no great difficulties for 
m vitro cultivation, only one investigator (Haagen was able to show 
the virus present after 60 culture generations over a period of seven 
months Othei investigators reported 10 (Haagen®®*’), 22 (Gilde- 
meister, Haagen and Scheele®®), 23 (Andrewes®®), 25 (Saddington®®) 
and 15 (Mitamura, Kitaoka, Watanabe and Ohkubo®®) successful sub- 
cultures The question which presents itself is why propagation cannot 
be carried on indefinitely The possibility suggested by the author’s 
experience is that the dilution m culture to culture passage may he too 
great If large transfers were made in late subcultures, more exten- 
sive propagation might occur 

The maintenance of virulence and the presence of inclusion bodies 
in herpes cultures appeal to run hand in hand Gildemeister, Haagen 
and Scheele ®® found no inclusion bodies in tissue cultures and noted 
attenuation of the virus and loss of neurotropism Andrewes,®® on 
the other hand, demonstrated inclusion bodies in cultures similar to 
those in testis and other organs of the living infected labbit At the 
same time he found that his strain did not lose its neurotropic properties 
but reached a level of potency of at least 1 4 X 10“®® The presence 
of inclusion bodies m vitro was confirmed by Rivers, Haagen and 
Muckenfuss ®® Andrewes also reported that the virus propagated and 
formed inclusion bodies in cultures of immune testis and normal serum 
However, if immune serum was put into the cultures before virus 
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was added or togethei with it, no inclusion bodies weie foimed In 
the absence of immune serum the virus infected normal tissues within 
one-half horn at 17 5 C or at 37 C It piopagated and foimed inclu- 
sions in spite of a subsequent addition of immune serum The viius 
was found to infect immune tissues within foity-five minutes at 37 C 

Choi loallautoic P) epa) ations — The viius was first inoculated into 
chorioallantoic preparations by Dawson Small nodules weie seen on 
the membrane within thiity-six hours, but only one leinoculation was 
made Prohfeiation and necrosis cliaractei i/ed the pathologic picture, 
and intranuclear inclusions i\eie present Other nonspecific cellular 
changes occuired When Burnet attempted to repeat this work 
with two well known herpes strains, the membiane showed weak lesions 
without Msible inclusions 

Saddington repoited 24 egg passages with maintenance of viiulence 
in the final generation Transfers weie made every font days, and 
virulence of the membiane rvas tested by inoculation into the corneas 
of rabbits and the brains of mice Ihis woik -was later repeated 
by Burnet, Lush and Jackson,''® who passed herpes stiains through 50 
generations of eggs and noted inci cased pathogenicity for the embiyos 
with extended passage but, at the same time, deci eased virulence for 
animals Specific intranuclear changes occurred, but these changes were 
diffeient from the typical intianuclear inclusions 

HERPES ZOSTER 

Tissue Cnllmcs — Glaubersohn and Baig in 1934 inoculated the 
contents of herpetic vesicles into hanging diops made up of chick embiyo 
heart tissue, rabbit plasma and Tyrode’s solution After incubation for 
four days at 37 C and two days at room tempeiatuie, the culture material 
was inoculated into the arm of an infant The results w'ere one positive 
reaction, i e, vesicle foimation, and one negative reaction No sub- 
cultures and no estimate of increases in potency were made As Glauber- 
sohn and Barg suggested, the presence of virus in the tissue cultures 
may have been due to survival of the oiiginal inoculum 

Chouoallantoic Pi epai ations — In 1936 de Castio Teixeira"*® inocu- 
lated the contents of herpetic vesicles into chouoallantoic membranes 
of twelve to thirteen day eggs He reported 3 egg passages in which 
yellowish plaques with depressed centers and n regulai contours occurred 
at the point of inoculation At moie distant points pinhead-sized lesions 
were disseminated The potency was not titrated nor was the virus 
identified Confirmation by use of this technic has not been forthcom- 
ing On the basis of available evidence, the zoster virus appears not 
to have been piopagated 
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HOG CHOLERA 

Tusue Ciiltwes — The virus of hog choleia was piopagated tempo- 
ral ily in tissue cultuie by Hecke in 1932 Various hog tissues 
were explanted in both hanging drop and flask pieparations Because of 
the predilection of the viius for tissues rich in endothelium, cultures were 
made up of choroid plexus, lymph nodes, bone marrow, spleen and 
kidney Hanging drops of choroid plexus in plasma and spleen extract 
were infectious foi 15 culture passages Flask cultures of bone mariow 
in plasma and Drew’s solutions maintained virulence through 10 trans- 
feis, while lymph node tissue in similai piepaiations showed the presence 
of virus aftei 20 passages Lymph node cultures weie grown ovei a 
period of one htindied and five days, and increased potency was demon- 
strated by mfectnnty after a dilution of the oiiginal inoculum of 10^” 
There was a dilution of the original Aurus of 10 in 14 generations of 
spleen (flask) cultures In contiols, which contained viius without cells, 
virulence was lost aftei eighteen days Tiansfeis made of the controls 
shoAved loss of virus m the second transfei All cultures and con- 
trols Avei e incubated at 37 C 

INCLUSION BLENNORRHEA 

Wolkmg independently, Bialey and Thygeson attempted to culti- 
vate the Aurus of inclusion blennoirhea m Carrel flask preparations of 
human conjunctu'^al tissue, Tyi ode’s solution and human serum The 
results Avere uniformly negative Chorioallantoic pieparations aacic 
tiled by Thygeson, Avith no lesults 

INFECTIOUS BRONCHITIS OE CHICKS 

Choi loallanfoic Piepaiations — Beaudette and Hudson passed 
through choi loallantoic piepaiations a A'lrus that pioduced fatal bron- 
chitis in chickens which had been A^accinated against infectious laryngo- 
tracheitis Berkefeld filtrates were used as the inoculums Fouiteen 
egg passages Avere reported, Avith an apparent increase in viiulence 
Fiom the seventh generation on, the mortality of the embr}OS increased 
and the period of incubation decreased The choi loallantoic membianes 
did not show lesions comparable to those of infectious laiyngotiacheiti'i 
or of the poxes No histologic studies AA'^eie done 

INFECTIOUS LARA NGOTRACHEITIS OF FOWLS 

Choi loallantoic Piepaiations — Burnet ■*"“ passed the auius of infec- 
tious laryngoti acheitis of foAAds thiough 7 egg membianes but found 
a deciease in Aurulence When he lepeated the expeiiments Avith t\\'^elA’’e 
da}'^ instead of ten da}”^ eggs, the lesults Avere moie indicative of viius 
propagation This time he Avas appai ently able to pass the aui us 
thiough eggs at aviII 
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Brandi) lepcatcd the woik of Bui net and found the choiioallan- 
tois to be a good souice of vaccine Wlien immune seuim and virus 
veie mixed togethci, no lesions appealed on the membiane The 
potency of the cultnated mi us vaiied diiectly with the numbei of 
MSihle lesions These findings ^\ele confiimed by Beaudette in 1937''® 

Imestigators aie essentialh agieed as to the pathologic manifesta- 
tions on the egg membrane Within twenty-foui to thnty-six houis 
thcie wcie seen on the chorioallantois minute gia)ish foci, inci easing 
in numbei to the sixth dac Some opacities became 3 to 5 times as 
thick as the noi mal inembi ane 'I hey wci e sun ounded by chai acteristic 
“double-zoned” plaques (Bui net) and occasionally showed cential 
necrotic depressions The degiee of edema \aiicd The pathologic 
piocess was characteiizcd at first by piohfeiation and infiltration and 
latei b) necrosis and degeneration Death of the embiyo occuiied in 
two to twehe da}s As the numbei of egg passages increased, the time 
of survnal of the cmbiyo deci cased Gcneiahzcd edema and anemia 
of the embi)o wcie common 

One of the pimcipal features of the disease caused by this viius 
was the formation of inclusion bodies, uhich occuired frequently in 
the ectodermal layei The following desciiption is taken largely from 
Burnet’s monograph on the egg membrane"’'* Inclusions weie present 
for fiom twcnt)-foui houis to as long a time as the virus \\as main- 
tained on the choiioallantois They dec eloped fiist as small intia- 
nuclear granules At the same time the nucleolus was enlaiged The 
cells containing mtianucleai inclusions degeneiated Usually, the nuclei 
became enlarged, the nuclear membrane indistinct, and tbe c)toplasm 
granular and pale staining Liciuefaction and ballooning of cells 
occurred In younger eggs the neciosis evas occasionally moie marked, 
and areas of ectoderm, in cvhich the majority of nuclei contained inclu- 
sions, appealed to die and to be separated fiom tbe inflamed undei lying 
mesoderm Inclusion bodies ccere not seen m the mesoderm but some- 
times occuned in the entoderm if the inoculation ccas made beneath 
the chorioallantois 

INFLUENZA 

Tissue Ciiltuies — The cirus of influenza evas cultivated in vitio by 
Francis and Magill by inoculating lung tissue fiom infected mice into 
flasks of Tyrode’s solution and chick embiyo The tenth cultuie gen- 
eiation pioduced infection in mice Viiulence was maintained foi 20 
successive subcultures When serum fiom fencts which had lecoveied 
from this disease was injected into the mice, the cultuie mateiial failed 
to cause pulmonary lesions The same authors lepeated this woik 
with the viiuses of human and swine influenza and found the gieatest 
concentration of vnus occuning in thiity-six to foity-eight houis, with 
a deciease in potency in the next twenty-foui houis A swine influenza 
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strain was cultivated for 70 generations and the Philadelphia human 
strain for 45 Ferrets and mice succumbed to culture dilutions of 
1 1,000 and 1 10,000, and m recoveied animals a high concentration of 
antibodies was noted Mice were successfully immunized by subcu- 
taneous and intrapentoneal inoculation with the culture material Anti- 
bodies were apparent m persons who had been inoculated with cultured 
virus 

Smith started with a strain of virus which had been cultivated 
in chorioallantoic preparations and passed it through 6 generations of 
tissue culture prepaiations similar to those used by the aforementioned 
investigators He found that the virus was much more closely asso- 
ciated with the tissue than with the fluid component of the cultures 
Choi toallantoic Pi epai atwns — Successful propagation of the virus of 
influenza on egg membranes foi 10 and 14 egg passages was noted 
by Smith and Burnet,^®" respectively 

According to Burnet, 3 of 4 eggs revealed definite characteristic 
lesions, which on macroscopic examination appeared as small opaque 
edematous foci, about 0 5 mm m diameter The central opaque spots 
were frequently surrounded by lighter halos Microscopically, slight 
focal thickening of the ectoderm, with occasional necrosis of cells, was 
seen The superficial cells were somewhat necrotic, while the deeper 
cells underwent proliferation The height of the infectious process 
occurred m forty-eight hours It was followed by reparative activity, 
which led to cornificatioii of cells near the areas of neciosis In the 
opinion of Burnet, the changes preceding neciosis w'^ere not specific 
Eosinophil migration to the membrane w^as also noted 

Burnet and Burnet and Lush observed that the pathogenicity 
of the influenza virus for egg preparations became more marked after 
many passages Burnet found that aftei the fifty-second passage the 
embi 3 ms were killed between the fourth and fifth days of incubation 
and that after the sixty-third passage death occurred on the third day 
Dead embryos at first showed only congestion of the abdominal viscera, 
but later hemorrhagic encephalitis was piesent By the seventy-sixth 
passage multiple hemoi rhages were noted in the muscles, skin and brain 
Burnet and Lush compared the W S and Melbourne strains, 
which had become adapted to egg preparations by repeated passages 
These strains were equally virulent for embryos but differed in virulence 
for animals Unlike the Melbourne strain, the W S strain was 
pathogenic for feriets and mice Good immunity occurred regularly 
in mice inoculated with the Melbourne strain 

The ability of foui groups of investigators to pass the influenza virus 
consistently through eggs, coupled with the clearcut reactions between 
cultivated virus and immune serums, testifies to definite propagation on 
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the chorioallantoic inembiane Although the evidence for cultivation 
in Mtro IS less stnking, it indicates at least tempoiaiy giowth 

KIKLin'S CANARY VIRUS 

Tissue Cnltuic’! — In 1933 Hei/bcig'’- piopagated Kikutb’s canaiy 
virus in a tissue culture piepaiation of embryonic chick in Tyi ode’s solu- 
tion The oiiginal inoculum i\as a single drop of blood fioni the heait of 
an infected canai} Aftci ten da)'s the cultuie material pioduced an 
infection in canaries Viuilence was apparent after 10 culture genera- 
tions, and the presence of inclusion bodies in the cultui es was also noted 

Chouoallantoic Pi cpaiations — In the same year Burnet®^'' was able 
to cultivate the canarj virus on the cboi loallantois with little difficulty 
Egg passages veic made ever} five days, and 8 transfers were done 
The lesions of the membiancs, as might be expected, were similai to 
those seen in the bud poves Ectodermal proliferation m the form of 
opaque patches m the membranes was noted along with some neciosis 
and inflammation Large cytoplasmic inclusion bodies were frequently 
seen Burnet and Lush confirmed the fact that this virus could be 
growm on the choiioallantois and comjiaied the canary virus and the 
virus of fow Ipox serologicall} 


LOURING ILL 

Tissue CuUuies — Riveis and Ward”’’ were successful in passing 
the virus of loupmg ill through 11 subcultures in preparations of cluck 
embryo, monkey scrum and Tyi ode’s solution The oiigmal inoculum 
w'as a 10 per cent emulsion of infected mouse biam The fouith and 
eighth subcultuies m dilutions of lO""' caused death m mice 

In view of the small number of cultuie geneiations and the absence 
of confirmation m vitro the cultivation of this virus should be considered 
as temporarily successful 

Chouoallantoic Pi epai ations — Buinet''’" inoculated the virus of 
loupmg ill into the chouoallantoic membiane and found this membiane 
to be a more sensitive indicatoi of the piesence of the virus than the 
mouse brain In a shoit time the vnus was present m the blood, and 
death of the embiyo usually occurred five oi six days aftei inoculation 
Hepatic damage was maiked 

LYMPHOGRANULOMA VENEREUM 

Tissue Ciiliui es — The evidence presented for propagation of the virus 
of lymphogi anuloma venereum is not consistent, and theie is definite 
disagreement m the conclusions diawn by vaiious investigators 

Meyer and Anders reported maintenance of the virus through 6 
generations m flask preparations containing guinea pig kidney, testis and 
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25 per cent guinea pig serum in Tyrode’s solution Theie was a final 
dilution of the oiiginal inoculum of about 1 64,000,000, but they were 
unable to obtain positive lesults with the Frei test m man when the 
culture material was used instead of human pus However, inocula- 
tion of cultures into guinea pig inguinal glands caused inflammatory 
changes in about 50 per cent of the cases This work was lepeated by 
Miyagawa and his collaborators with little or no success 

Tamura inoculated diluted infected pus into test tubes which con- 
tained guinea pig liver or kidney in Tyrode’s solution He asserted 
that cloudiness developed in the supernatant fluid and that the cloudiness 
could be tiansferred to new tubes even after filtration of the culture 
thiough a Berkefeld N filter On staining with eosm-Giemsa stain, the 
supernatant fluid showed ‘'peculiar granules ” Conti ol tubes remained 
clear, but it should be noted that these tubes, instead of being inoculated 
with inactivated virus, received no inoculum of any kind This investi- 
gator reported 24, 12 and 14 tiansfers Fluid from the twenty-third 
subculture gave a skin leaction similar to a positive Frei reaction 
When 1 cc of the supernatant fluid was inoculated into the gioin of a 
guinea pig, adenitis resulted m two to three days The inflammation 
undeiw^ent spontaneous resolution, but subsequently, in three or four 
weeks, sensitivity of the skin was apparent Here, again, repetition of 
the procedure by Miyaga\va and his co-w^orkers yielded no results 
Howevei, D’Aunoy, von Haam and Lichtenstein'’’'’ repoited partial 
confirmation through 3 culture passages Another failure to demon- 
strate increased potency of the virus wnth a preparation similar to 
Tamura’s was reported by 'V’oet 

Miyagaiva, Mitamura Yaoi, Ishii and Okanishi inoculated infected 
mouse or squirrel brain into large hanging drop preparations of adult 
mouse testicle, brain or spleen, guinea pig plasma and mouse spleen 
extract Second culture generations produced skin leactions of varying 
degrees resembling those to the Fiei test and caused infection in mice 
These investigatoi s weie able to stain mtracellulai “gianulocorpuscles” 
in cultured tissue, but no statement is made as to fuither culture 
passages 

Malamos reported formation of inclusion bodies in hanging di op 
cultuies of adult rabbit cornea after foity-eight hours’ incubation The 
souice of the virus was an infected mouse biam After cultivation of 
the Aurus foi forty-eight houis, the in vitio material Avas inoculated 
into mice and caused typical symptoms 

(c) Three strains of the hTOphogranuloma virus have been maintained by 
Sanders and Geish (unpublished data) in preparations containing embryonic 
guinea pig brain and ultrafiltrate of ox serum Increased potencies of 1,000 times 
ha\e been demonstrated, and consistent results have been obtained with animal 
inoculations and skin tests 
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Chouoallantoic Pi cpaiations — Muagawa and his co-\\oikeis neie 
able to tiansnnt tlie muis to mice aflci 5 egg passages and weie also able 
to demonstiale the presence of “gianulocoipuscles” m the biains of these 
mice Nauck and Malainos tiansinitted the disease to mice aftei 3 
and 6 egg passages \ccoidmg to these mvestigatois, the memhiane 
i\as hghth aiiectcd h} single laige spots Unlike the jnevious woikeis, 
the} weie unable to demonstrate inclusions in the egg piepaiations 

In view of the lack of agieement among imcstigatois of this viius, 
the small numhei of gcnciations ic]ioited in most cases and the lack of a 
demonstiable inciease in jiotencN, it appeals that the virus of \eneieal 
1} mphogranuloma has hcen, at best cultuated tcmpoiaiily 

N nw c \si nr nisi, \si: 

Tissue Culfuies — Topacio cultivated a stiain of avian pest vuus 
for 31 culture geneiations ovei a peiiod of one hundied and twehe 
da)s, m Carrel flasks containing chick cmbivo tissue, T^l ode’s solution 
and chicken plasma vSmee each subcultuie was diluted 1 30 and since 
the final subculture was mfcctne foi chickens, there was no doubt of 
virus propagation Recovered buds weie found to be immune to doses 
of virus that noimally weie lethal, and submfective doses of the cultivated 
virus could be given as a ^ aceme 

Aside fiom p3knosis of the nucleus, mti acellular changes were not 
seen There was no evidence of picdilection foi any tissue, the vuus 
grew best on minced whole embi\o 

ChoiwoUaniotc Pi cpai olwits — \ study of two strains of this vuus on 
the choi loallanlois was made In Burnet and Feri} "" m 1934 They found 
that the embi3 0s weie cons!stentl3 killed w'lthm tw'ent3’^-foui to fort3'- 
eight houis The memhiane extremeh' susceptible to the vuus, was 
moist and edematous Ectodeimal prolifeiatiou and necrosis occuired, 
but the lesions weie not suflicicntl3'’ definite to peimit titrations of 
potency by the counting method Pathologic changes w^ere not confined 
to the ectoderm The mesodeim show^ed exudation hemoiihage and 
edema A characteiistic effect of the vuus on the embi3'^o was the pio- 
duction of small, cucumsciibed hemoiihages m developing feathei fol- 
licles If small amounts of immune seium w’^eie used to letaid the viius 
action, the embryo survived somewdiat longei, and the lesions of the 
membrane w^ere smallei and moie localized 

Pacheco’s parrot disease 

ChonoaUantmc Pi epaiahons — Riveis and Schwentker passed the 
virus of Pacheco’s pariot disease m the choiioallantois for 6 geneiations 
In a pieparation incubated three days they noted opaque spots at the 
point of inoculation and distant disci ete foci Embi 301110 death occuiied 
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usually from the third to the fifth day after inoculation Occasional 
white spots were present in the liver, kidneys and spleen 

Microscopic examination of the infected membrane levealed ecto- 
dermal proliferation and necrosis There was heavy inflammatory infil- 
tration into the mesoderm, with inclusion bodies in both ectodermal and 
mesodermal cells When the liver, kidneys and spleen were afifected, 
they showed necrosis of cells and inclusions 

The final egg generation was infective foi budgerigars Chicks 1 
or 2 days old could be infected, but transmission from chick to chick 
was unsuccessful 

The pathologic changes appeared to be specific, but the number of 
egg passages repoited was small, and theie has been no confirmation of 
this work Consequently the cultivation of this virus should be consid- 
eied as only tempoiaiy 

POLIOMYELITIS 

Tissue Ctilftnes — Propagation of the viius of poliomyelitis tlnough 
16 culture generations m preparations containing embryonic chick brain, 
monkey seiuni and Tyrode’s solution was claimed by Gildemeister 
Subcultures were made every three or four days, and on the sixteenth 
transfer inoculation of the culture into a monkey produced the disease 
Estimates of increased potency weie not made Gildemeister’s work 
was confirmed by Pauli, with 6 subcultuies, but Plotz and Sabin 
and Ohtsky were unable to repeat it 

Sabin and Ohtsky passed the virus through various human tissues 
m Tyrode’s solution The biain, coid, lungs, hvei, kidney and spleen 
fiom a 3 to 4 month old human embryo \veie stoied m the lefrigerator 
for nine days During this time portions of 100 mg weight in 4 5 cc 
were incubated at 37 C m 50 cc Eilenmeyei flasks Each flask w^as 
inoculated wath 0 5 cc of filtrate fi om a 5 per cent poliomyelitis cord 
suspension Titration of the oiiginal inoculum showed 50 minimal lethal 
doses Subcultures weie made eveiy thiee days, and a single embryo 
w^as used for 3 culture transfers In this series, only prepaiations wdnch 
contained nerve tissue were capable of infecting monkeys One cubic 
centimeter of material from the sixth culture generation when inocu- 
lated into a monkey pioduced flaccid paralysis, which could be 
leproduced m animal seiies by using Beikefeld N filtiates Histologic 
examination and serologic and other animal tests proved the infection 
to be poliomyelitis 

Attempts of these authois to cultivate the virus in chick embryo biam 
failed until a third cultuie transfer from human tissue w^as passed into 
chick brain The virus was then maintained for 3 more generations 
The authors were also unable to pass the virus m monkey cord tissue 
and mouse embiyonic brain 
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The opinion c\piest>ccl h\ Plol7 that the muis of iDohomyehtis 
had been onl) inamtained in tissue cultuies. piobably without leal propa- 
gation ^^'hen one consiclcis the conflicting results of work with chick 
embryonic tissues and the small number of cultuie passages in human 
tissues tMth no subsequent confiimation, such an opinion appears to be 
justified 

psnbDOR Miins 

Tissue Cif/Ziocv — In 1933 Tiaub lepoitcd successful tiansmission 
of the Mrus of pseudorabics thioiigh 49 subcultures on chick embryonic 
tissue in Ttrode’s solution The final tiansfer was infective foi mice 
on intrapentoneal injection \t this time it was noted that the disease 
produced with cultuied mi us had a shoitei jienod of incubation, ran a 
moie rapid course and was associated with laigci lesions at the site of 
inoculation than the disease due to animal passage mi us Intranuclear 
inclusions weie found m cultuies 

The same author latei reported 6 passages of the muis in cultures 
made of immune guinea pig testis, T}i ode's solution and homologous 
serum Dilution of the oiiginal inoculum was definitely apparent, but no 
estimate of potency was made 

ChouQaUan(Q\c P) cpai alioii'^ — The viius was passed thiough 6 egg 
membranes by IMesiobeanu and through 57 egg mcmbianes by Bui net. 
Lush and Jackson'’" The former authoi found no change in viiulcnce 
for animals, but the latter group noted dcci eased virulence for labbits and 
mice 

psi n \cosis 

Tjwhc CnUnics — In 1932 Bedson and Bland fiist lepoited culti- 
vation of the virus of psittacosis m hanging drop picparations of mouse 
serum, salt solution (or chick embiy'onic extiact) and mouse spleen 
When 1101 mal spleen was used it w'as allow^ed to stand foi an houi in 
the refrigeiator m the piesence of a fresh psittacosis filtiate Othei- 
^Mse, infected spleen tissue w'as used as the explant Aftei seventy-twm 
hours of incubation at 37 C a thousandfold increase in potency was 
n.oted WHicn the cultured tissues w'cie stained wnth Giemsa or with 
a modified Castaneda stain (solution of foimaldehyde and Bon el blue 
wath safranin counterstain), intiacellulai inclusions w'eie found 

This wwk w'as lepcated by Bland and Canti,"- who used, in addition 
to mouse spleen and minced chick embry^o, chick embryo lung, leg 
muscle and skin They studied the cycle of development of inclusion 
bodies and found fibi oblasts fiom leg muscle and cutaneous epithelium 
best suited for such woik Cultuies were stained (Giemsa), examined 
by dark field illumination and by transmitted light, and photographed by 
means of the microcmematograph Extracellulai formation of inclusions 
was not seen During the first eight hours elementary bodies appeared 
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During the next forty hours large homogeneous masses developed and 
the smaller elemental y bodies deci eased By the end of seventy-two 
hours the small foinis were not visible 

Successful propagation of this viius in chick embryo tissue (Levin- 
thal "®) and in embiyonic chick hvei (Haagen and Ciodel has also 
been reported During the course of his work with embryonic chick 
tissue Levinthal noted a definite piedilection of the psittacosis virus for 
endothelial and epithelial cells 

The marked increase m potency, the extensive observations of 
inclusion formation in vitio and the consistent confiimation leave little 
doubt that this virus has been propagated 

Chouoallanto'ic Pi epaj attorn — Chorioallantoic inoculation with the 
virus of psittacosis was easily done m 1935 by Fortner and Pfaffen- 
berg and by Burnet and Rountree According to the latter, numer- 
ous circumscribed conical lesions appealed on the thickened membrane 
three days after incubation Histologic examination of the inclusion 
bodies gave lesults in agreement with the descriptions published by 
Bland and Canti At the height of infection m the membrane si^ecific 
changes were found in the suiface cells Beneath these cells was a 
neciotic layer, which contained many leukocytes and which coveied a 
rather thick stratum of uninfected prohfeiated ectodeim The top 
ectodermal cells were flattened and cornified and served to limit the 
infectious process, so that when the neciotic cells were sloughed, the 
process did not extend to the embryo 

RABBIT FIBROMA 

Tissue Cultmes — Faulkner and Andrewes '' passed an mflammatoiy 
stiain through 10 culture generations in flask cultures and hanging 
drop preparations Rabbit testicular tissue, normal labbit serum (or 
plasma) and Tyi ode’s solution weie used Spleen extiact was added 
to the hanging drops The titer, oiiginally 1 10,* was increased by 
the eighth subcultui e to at least 1 10 * Inclusion bodies were not seen in 
the cultures 

The same investigatoi s were unable to maintain a fibiomatous stiain 
of this viius and noted that the gradual deciease m potency corie- 
sponded with degeneiation of the cultivated tissues 

In view of the small numbei of cultuie passages, confiimation of 
this work IS desiiable befoie propagation of the viius of rabbit fibioma 
(inflammatory strain) is credited 

RABBIT MYXOMA 

Tissue Cultuies — The virus of rabbit myxoma has been successfully 
maintained for 20 subcultui es in flask piepaiations containing mononu- 
clear cells (Benjamin and Riveis'^®, Plotz®*) and foi 30 passages in 



S'lNDERS—CbLlIl 11 ION OF VIRUSES 


565 


hanging drop culture'? of rablnt tesliculai cells (Haagen *’") Kidney, 
lung, white blood cells and lymph gland tissues have also been used 
with some success (Haagen^'*) 

Actual piopagation of the Mrus has been demonstiated by an 
increase m jxitenc} of 100 times after incubation m culture, and of 
10,000 times aftei fuithei tiansfers (Beniamin and Riveis) Plotz 
obseived an mciease of potenc} of 40 000 times by the seventeenth 
subculture and Haagen. a dilution activit} of 1 X 10® The latter 
iinestigator also noted that mcica‘?e in Mrulence was much more marked 
when normal cells weic added to the virus-containing tissue Plotz 
demonstrated that the muis did not surM\e more than fourteen days 
without transfer 

Although confirmation has not been extensne, the consistent results 
obtained b} the three gioups of m\estigators, the moderately high 
number of culture passages and the marked inci eases m potency justify 
grouping this virus with those piopagated m vitro 

Cho) loallantoic Pi epev aiwns — The virus of nnxoma has been cul- 
tnated on egg membranes by Lush foi 26 passages and by Haagen 
and Dscheng-Hsmg for 20 egg generations Although both imesti- 
gators are agreed that this Mrus grow's readil} on the chorioallantois, 
they differ as to the pathologic changes pioduced and as to the Mrulence 

According to Lush, incubation at 36 C was more effective than 
the usual incubation at 39 to 40 C He noted that ectodermal prolifera- 
tion w'as the principal change m the membiane, that the embryo suf- 
fered no damage and that no inclusion bodies were piesent in the 
membrane or m the cmhiyo Haagen, on the other hand, found, m 
addition to piohferative changes hemorrhages and cellular infiltration, 
with mflammator} changes m the mesodeim and entoderm By the 
third day death of the embiyo occuired, and in later egg passages the 
life expectancy of the embrjo w'as reduced to tw'o days As a final 
point of difference Haagen claimed to have found inclusion bodies m 
epithelial and connective tissue cells 

Since both Haagen and Lush experienced little difficulty in grow- 
ing the vnus on the chorioallantois, the difference m findings might well 
be accounted for by variation in the potency of stiains In this respect 
it IS interesting to note that Lush found no difference in the character 
of the virus after passage, wdnle Haagen observed an increase in viru- 
lence Plow ever, since neither series w^as very long, such a discrepancy 
appears unimportant The fact remains that growth of the vnus occurred 
m egg preparations 

RABIES 

Tissue Cultures — The fiist demonstration of the maintenance of 
fixed virus m nerve tissues of monkeys was that by Levaditi m 1914 
Although six to thirty-seven day cultures produced rabies m 5 of 6 
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monkeys, Levaditi felt that conservation of vnulence rather than propa- 
gation of the virus had occuried Later Stoel passed infected rabbit 
or mouse brain through pieparations containing either chick or rabbit 
skin or Rous sarcoma oi mouse carcinoma foi 4 culture transfers How- 
ever, no quantitative estimates of increase m potency were made, and 
the small number of tiansfers piecluded definite evidence of viius 
growth 

More positive evidence of propagation was leported in preparations 
of embryonic rabbit (Kanazawa®®), embryonic mouse (Webster and 
Clow Bernkopf and Kligler Schultz and Williams ®®), embryonic 
mouse brain (Beinkopf and Kligler®'*) and embiyonic chick tissue 
(Webster and Clow ®"'’) 

The number of successful cultuie passages has varied from 7 (Bern- 
kopf and Kliglei ) and 10 (Kanazawa) to 16 (Webster and Clow, 
Schultz and Williams) and 42 (Webster and Clow) The titers of 
mfectivity of various subcultures have not exceeded 1 1,000 (Kana- 
zawa, Webster and Clow) 

In attempting to use cultuie Aurus as an immunizing agent, Webster 
and Clow noted that mice leceiving one intiaperitoneal injection 
of the material were piotected against 100 ceiebral doses of street virus 
Subcutaneous vaccination was not effective Dogs weie also immunized 
by use of the culture viius 

Although the number of culture transfers of rabies virus has not 
been high, consistent confirmation of the woik and the relative ease 
with which increases m potency have been obtained justify placing 
this VIIUS with those that have been piopagated 

Chotioallantoic Pi epai ahons — Attemps to piopagate the viius of 
rabies on the chorioallantoic membiane weie unsuccessful previous to 
1939 Waldhecker reported negative results after 9 attempts Avith 
various strains Schultz and Williams®® expeiienced similar lack of 
success m 12 attempts to inoculate the egg membrane 

Dawson®’' lecently lepoited successful passage of the auius of rabies 
through 12 egg geneiations The virus was oiigmally piesent in the brain 
of a labid dog and was passed thiough a mouse Both the dog and the 
mouse brain contained Negri bodies Egg to egg tiansfer was done 
every six or seven days with the exception of the first egg generation, 
which was passed aftei four days An emulsion of embryonic biain 
was used as passage material and was inoculated diiectly into embrjmmc 
brain for the next generation Aside from the death of several embryos 
betAveen the sixth and the eighth day after inoculation, theie A\^as no 
clinical evidence of labies As a rule, the embryos appealed to be 
healthy and, in the opinion of this iiiA^estigatoi , AAOuld haA'^e hatched if 
they had not been put to death Microscopic examination of embryos 
six and seven day'^s aftei inoculation iCA'ealed many^ Negri bodies and 
acute neuronal neciosis 
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When vnus was inoculated into the hi am, eye and thigh, on the 
chorioallantois and into the amnion o{ sepaiate embiyos, lespectively, 
only the embnos inoculated m the biam and eye showed evidence of 
vnus pioliferation and the jnescnce of Negti bodies In 2 cases m 
ivhich the Mrus was inoculated on the choiioallantois, the embryos w'eie 
allowed to hatch and weie apparently healthy 

The successful lesults noted by Daw'son are paiticulail} mteiestmg 
in MOW’ of past failures to tiansmit this vnus thiough egg pieparations 
The complete lack of response on the pait of the chick embiyo appears 
to hace been due to choice of an unsatisfactoiy loute of inoculation 
lathei than to mabilih of the embryo to piovide leceptive cells foi the 
virus 

RUl \ VLLCY invnii 

Tissue Culhacs — jMackcnzie inoculated mateiial from the heart 

or li\er of an infected mouse into chick embryonic tissue m T}rode’s 
solution and was successful m tiansmittmg tbe vnus of Rift Valley 
fe\ei thiough 13 ciiltuie geneiatioiis without loss of Miulence Dilution 
of the oiigmal inoculum w’as estimated at 1 1 5 X 10 Saddmgton 
lepeated this woik and lepoited a series of 12 subcultures, the final 
cultuie of w'hicli was Miulent foi mice 

Choi loallontotc Pi cpaiohoti ^ — Saddington transfciied the muis 
thiough 5 eggs and noted constant viiulence for the embi}OS Inflam- 
matory and necrotic changes weie seen m the membianes and m the 
livers 

ROUS SARCOMA 

Tissue Cull Hies — In 1926 Cairel®’'”’ stated that the Rous saicoma 
could be giowm at wall m cultuics of chicken leukocytes m small quan- 
tities of plasma, Tyrode s solution and embiyomc extract Subcultures 
were made ever) two to three w'eeks When pine stiains of noimal 
fibroblasts w'eie giowm m the presence of the virus, the cultures wmre 
not capable of producing tumois m chickens This finding w^as con- 
sistent wath pievious lepoits by the same author that filteied extracts 
of Rous sarcoma deteiiorated m the presence of fibroblasts and 
multiplied readil) m the presence of leukocytes 

Further substantiation of the predilection of this vnus foi wdiite 
blood cells w'^as reported by Cairel and Ebelmg wdiile they weie 
investigating the changes involved m the m vitro formation of fibro- 
blasts from monocytes They noticed that fibroblast foimation m tissue 
cultures was hastened on addition of Rous viius to wdiite blood cells 
The resulting cells appeared to be "resistant” or "immune’ and w^ere 
unable to produce tumors 

Carrel”®*^ also inoculated sarcoma filtrates into cultuies m which the 
•cellular components weie m vaiious stages of proliferation, viability 
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and death He found that the virus could suivive in the piesence of 
dead cells but could multiply only when cellulai piohferation occurred 

Chouoallantotc Pi epai ahons — Keogh®® lepoited in 1938 that the 
viius of Rous saicoma could be tiansmitted easily in chorioallantoic 
piepaiations At the time of this lepoit 30 egg passages had been done 
Infections obtained with dilutions of 10 in doses of 0 05 cc in the 
later passages were good evidence of inci eased potency Filtrates of 
the chorioallantois obtained with graded collodion membianes produced 
charactei istic lesions in fowls Titration of the viius on the membrane 
was done by inoculating dilute filtrates, which pioduced localized circum- 
scribed lesions 

Usually no changes appealed in the membrane for three da 3 s after 
inoculation A pathologic condition became apparent about the seventh 
day, and in Keogh’s opinion, was typical of Rous sarcoma The patho- 
logic change was at first limited to the ectoderm except for slight inflam- 
matory changes in the mesoderm In addition to large central tumors, 
small, disci ete, thickened, pearl}'^ lesions m the ectoderm weie noted, 
which on microscopic examination revealed marked proliferation of this 
layer As extension of the lesions took place, cells piohferated not only 
in lateral directions but also downward into the mesoderm Peripheral 
cells stained m a manner suggestive of cornification The cells which 
invaded the mesoderm were anaplastic, with large, homogeneously 
stained nuclei and an abundance of mitotic figures 

The results reported by Keogh are particularly inteiesting m view 
of their apparent contiadiction of the extensive investigations of Carrel 
It must be lemembered that m the egg the pimcipal pathologic altera- 
tion IS initiated by ectodermal cells, and even extension of the lesions 
seems to be ectodermal The conclusiveness of the results leaves little 
doubt that Rous sarcoma can be piopagated both in tissue culture and 
on the chorioallantois It is 2 )robable that futuie investigations will 
explain what appears to be an inconsistency at present, namely, why 
fibroblasts iieem to exert a moie baneful influence on the virus m tissue 
cultures than in egg prepai ations 

RUBEOLA (measles) 

Choi loallantoic Piepaiations — Magarmos Tones and de Castro 
Teixeira reported inconclusive lesults with the choiioallantoic piepa- 
rations Egg membranes were inoculated with vesicle contents The 
only pathologic change which they noted was localized proliferation of 
ectodermal cells, appealing as pale pmhead-sized nodules about the 
point of inoculation Five passages weie leported 

Much more definite evidence foi virus jDiopagation was presented 
by Wenkebach and Kunert,®® who inoculated on the chorioallantoic 
membrane 5 cc of blood taken from patients in the prodromal stages 
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of the disease Viiulence was tested by inoculating 0 5 cc of convales- 
cent semm into eggs containing the vnus and pieviously incubated for 
laijing peiiods of time As contiols, noimal adult serum and con- 
lalescent polionnelitis, ^allcelIa and herpes simplex seiums were used 
Neutralization occuiied only with the measles convalescent seium 
Lesions could not be tiansmilted fiom egg to egg aftei addition of the 
specific seium and when infected blood came in contact with the choiio- 
allantois theie appealed small opaque whitish spots, which vaiied in 
si/e fiom that of a pinhead to that of a lentil seed In one series the 
lesions veie tiansmitted thiough 13 egg passages, foi a peiiod of one 
hundicd and fift)-six days Thiiteen strains weie tried, and the authois 
contended that any senes could be maintained at will In 1 instance 
the Mrus aftei the fifth egg passage produced lesions at a dilution of 
1 60,000 

The method used by ^^''enkebach and Kunert suggests a possible 
solution for the problem of testing viiuses which are not transmissible 
to expel imental hosts (e g, \aricella) In the case of measles fuither 
confirmation is desnable be foie propagation of the vnus is considered 
definite 

SHEEP P0\ 

Tissue Cultuics — Biidie'’" inoculated flasks containing sheep tes- 
ticulai cells, seium and Drew’s solution with fiesh material The 
fourth subculture was actne at a dilution of 1 10,000 and produced 
typical lesions in sheep No giowth of the virus occurred after foui- 
teen days 

In view of the small number of subcultmes, the quick loss of virus 
and the lack of confiimation, the propagation of sheep pox virus m 
tissue cultuie should be regarded as questionable 

TRACHOMA 

Tissue Culfwe — In 1937 Hairison and Juhanelle repoited uni- 
formly negative results m an impiessive study of the virus of trachoma, 
a study wdnch included many types of tissue cultuies Inoculums 
explanted tissues and mediums were varied m more than 1,100 tissue 
cultures but, according to the authois, the viius did not even suivive, 
although Its presence before inoculation had been frequently pioved by 
animal infection No inclusion bodies weie found Similarly Busacca 
and Thygeson were unable to demonstrate propagation of the 
trachoma vnus 

Poleff,^'’- howevei, asserted that he was successful in passing the 
vnus through 5 subcultures in a modified Maitland medium described 
by Nigg and Landsteiner He also maintained that within two to 
three days there was a characteristic inembiane formation of cells in 
culture and that inclusion bodies were present and were transmissible 
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to the rabbit by intiaocular inoculation A rabbit infected in this manner 
was used as a fuithei source of infection foi 2 othei annuals No 
mention was made of increase m potency 

In view of the negative lesults repoited by the majoiity of woikeis 
and the small number of passages noted m the single claim to success, 
trachoma should be considered as liot having been gi own in vitro 

Chonoallanfotc Piepaiations — Hainson and Julianelle and 
Th)^geson obseived no propagation when egg membranes were inocu- 
lated with trachoma 

VARICELLA (CIIICKENPOX) 

Choi loallantoic Pi cpaialwns — De Castro Teixeiia^®* reported 11 
egg passages of lesions which originally had been caused by inoculation 
of the chorioallantois with the contents of a varicella vesicle Histo- 
logically, the lesions weie yellowish uiegular nodules with adjacent areas 
of blanching Othei lesions, approximately the size of a pinhead, were 
disseminated at points distant from the site of inoculation Titration of 
potency was not done and confiimation has not been forthcoming 

VARIOLA-VACCINIA 

Tissue Ciiltw e — In 1906 Aldershoff and Boers w'cre the hist to 
leport successful maintenance of vaccinial viius outside the living body 
Placing infected corneal tissue in a steiile “humid chamber’' and appai- 
ently unaware of the significance of new cells, they stressed only the 
fact that Guarnieri bodies appeared after tw^enty hours The expei iment 
was repeated wuth hanging drop preparations of rabbit or guinea pig 
corneal tissue by Stemhardt, Israeli and Lambert m 1913 and b} 
Steinhaidt and Lambert in 1914 This time, notice w^as taken of the 
role of living cells and of the increase in potency of the viius fiom 6 to 10 
times In the followung year Haide,^^"’ using rabbit and guinea pig 
testiculai cells in a similar prepaiation, obtained an increase in viral 
potency 

Since these first successes numerous investigators have leported 
propagation of vaccinial viius in tissue cultures of all types The viius 
appears to grow w^ell in the presence of many tissues Good lesults 
have been obtained with rabbit testicle (Plotz’^®^^, Paiker and Nye’^-®'’, 
Mervin and Schmerhng corneal tissue (Craciun and Oppen- 
heimer , Riveis, Haagen and Muckenfuss embryonic chick 

(Carrel and Rivers^®®, Li and Rivers , Rivers Riveis and 
AVard chicken kidney (Maitland and Maitland Rivers Haagen 
and Muckenfuss and labbit kidney (Muckenfuss and Riveis^®®, 
Haagen 

It IS apparent at once that the tissues mentioned m the foiegoing 
paragraph haA’’e one factoi in common, i e the)'' aie all rich in epi- 
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thelium, a finding consistent ^Mth the specific cellulai piedilection which 
vaccinia has shown in the past Among otheis, Ciaciun and Oppen- 
heiiner and Nauck and Robinow have cultivated the viius in puie 
epithelial ciiltiiies Haagen w'eiil a step fuithei and tested the 
affinit) of the mi us foi various tissues He ascertained that it could be 
maintained for onl)’’ several culture geneiations if fibroblastic tissue pie- 
dominated in the piepaiations and that epithelial and endothelial cells 
were necessaiy foi giowth of the virus 

Piopagation of the viius has been showm to occui in vitio when the 
cells were Mable but not pi olifeialing (Riveis, Haagen and Mucken- 
fuss’^-’’, Plot7H'’^''), as well as in the piesence of living, actively pio- 
hferating cells (Ciaciun and Oppenheimei Stemhaidt, Israeli 

and Lambert , Williams and Floiiinoy , liirano^^') The exten- 
sive tolerance of the vnus of vaccinia foi vaiiations of cellular metabo- 
lism IS emphasized by the important contribution of Li and Rivers, 
w'ho succeeded in gi owing the vnus m a pieparation of chick embr 3 '^o 

tissue and T^rode’s solution The cultivation of a virus was thus 

•/ 

reduced to a matter of the simplest of in vitio prepaiations — living cells 
plus a balanced salt solution This work w^as later confirmed by 
Rners,^^-" Rivers and WareP^*’^ and Plotz wdio lespectively suc- 
ceeded in passing vaccimal stiains thiough 15, 90 and 150 culture 
passages 

The growth requirements of vaccimal vnus w^eie further studied 
by Maitland, Laing and Lyth,^-"' w'ho found a correlation between the 
surviving respiratoiy activity of tissues and then suitability for pro- 
moting giow'th Testis, kidney, hvei and spleen, m descending oidei 
W'ere effective for respiratory function Moreovei , gi ow^th occurred to a 
much better degiee in the wade, well aeiated Cairel flask than in a 
narrow' test tube 

Increased potency of this virus m tissue cultuies has been frequently 
demonstrated As technics have been improved and data concerning 
growth requirements accumulated, the inci eases m potency have attained 
higher values Thus, in 1914 Stemhardt and Lambert obseived an 
increase in potency of 6 to 10 times, while in 1925 Parker and Nye 
reported a multiplication of virulence of 51,000 times in the eleventh 
generation, and Maitland and Maitland in 1928, an inciease m 
virulence of 25 X 10® Othei high inci eases weie noted by Cairel 
and Rivers of 40 to 400 times after eight days of cultivation and by 
Muckenfuss and Rivers of 10 to 1,000 tunes after each culture 
generation 

Confirmation of the presence of inclusion bodies m in vitro cultivation 
of vaccinia has not been lacking In addition to repoits by earlier 
workers (Aldeishoff and Boeis^®’’, Paiker and Nye^“‘'*^), Riveis 
Haagen and Muckenfuss,^"*® Riveis and Waid^®-^ and Haagen 
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reported the presence of these bodies in cultures Accoiding to Plotz/'^^*' 
plasma and prolifeiatmg cells are important factois in the production of 
inclusion bodies 

Investigations of immune leactions in vaccinial tissue cultures have 
yielded somewhat conflicting results Prepaiations containing plasma 
and corneal tissue of immune animals, or normal tissues to which immune 
seium had been added, did not support growth of the virus (Steinhaidt 
and Lambert^®'**’, Nye and Paiker^-®) However, according to Rivers 
and Waid,^^^® vaccinial virus survived at least forty-eight houis in 
cultures of immune cornea m normal plasma and to a lesser extent 
in cultures of immune cornea in immune serum When noimal cornea 
was inoculated in vitro with virus and then cultivated m antivaccinial 
plasma, typical lesions with Guarnien bodies occuired in twenty-four to 
fortj'^-eight hours If, however, immune cornea was used m normal or 
antivaccinial plasma, a mild reaction oi no leaction at all occurred As a 
result of these findings, Rivers and Waid hypothecated that once 
virus has combined with the cell, it cannot be neutralized by addition 
of immune substances This was borne out by Rivers, Haagen and 
Muckenfuss,^®*^ who observed that immune corneas inoculated and cul- 
tivated m immune plasma showed veiy mild infection with only occa- 
sional Guarnien bodies 

It is not surprising that results of such investigations are not always 
consistent with immune reactions in the living body, since one is dealing 
with an isolated simple system and not vith a cooidmated complex 
organism, m which multiple immune mechanisms are at woik An 
example of the caution necessary m applying m vitro manifestations 
to in vivo conditions may be seen m the work of Beai d and Rous 
These authors noted that the activity of A'accinial virus was i educed 
when a mixture of the virus and Kupffer cells Avas alloAved to stand for a 
few minutes befoie intradermal injection This apparently confirmed 
Ledingham’s observation that in skin into which india ink had been 
injected there was no reaction to the viius, owing, he thought, to 
mobilization of Kupffei cells in response to the ink However, when 
Beard and Rous cultivated the Aurus of A^accinia Avith Kupffer cells in 
vitro, the virus pioliferated veiy Avell during the first six or seA’^en days 
It seems, as Avas suggested by the authors, that some condition present 
in Auvo alloAved an antnural substance to be present in Kupffer cells 

The logical outgroAvth of in vitro cultivation of the a irus of vaccinia 
AA^as its use in jenneiian prophjdaxis In 1931 RiA’^ers,^®“" using a A'^accine 
of tissue cultuie viius, successful^ A'^accinated 3 infants, and m the fol- 
loAving year 7 positiA’^e reactions Avere similarly reported by Herzberg 
In 1933 RiA^ers and Ward reported 100 typical lesions obtained in 
118 Araccinations 
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Less favoiable ^^ere the icsuits of Plotz and Mai tin Of 38 
children vaccinated nith hmph and ^Ylth cultuie vaccines, the lymph 
produced typical lesions in all, nhile the cultuie vaccine gave only 19 
positive leactions Ho^\e^cl in anothei senes, better results foi the 
culture vaccine ^\ele obtained by doubling the dose 

The advocates of culture vaccine claim that it is free fiom bacteiial 
contamination and may be used m the fiesh state (gieen calf lymph may 
not) and that it is cheapei and moie convenient On the othei hand, the 
opponents maintain that the peicentage of positive reactions obtained 
•with culture laccme is smallei than uith calf lymph, that the use of 
culture vaccine is not a time-ti led method, that m long-continued tissue 
cultures the mi us is attenuated and that laigei aieas of the skin must 
be scaiified Rneis and M’’aKP‘-^'' showed that although the titer of 
the cultuies went down fiom 10 m the nineteenth geneiation to 10 ~’- 
in the eighty-sixth geneiation, potency uas easily reestablished to 10 
b} passage thiough 3 labbits (mtiatesticulai inoculation) Fuithei- 
inore, the reestablished titer of 10 i\as letamed for 60 cultuie genera- 
tions without fuither animal passage Honevei, recent woik by Rivers, 
Ward and Baird nith this “revned” stiain has placed ceitam quali- 
fications on then eaiher contentions Although they leiterated confidence 
in the use of culture \accme, thej felt that after extensive subcultuies a 
qualitative change occuried in the virus which pei nutted large intra- 
dermal inoculations nithout damage In their opinion, the immunity 
conferred b}' tins strain nas not completely piotective, and i evaccmation 
within SIX months to one year with a potent calf lymph virus wmuld 
produce the desned piotection without untow aid leactions From the 
new evidence available, it seems that attenuation of culture virus occurs 
and that tissue culture vaccine may today be best used as an adjunct to 
lymph vaccine 

Chojwallanfojc Pi epaiaiwns — The virus of vaccinia w'as first propa- 
gated on the chorioallantoic membiane m 1932, by Goodpasture, Wood- 
rufit and Buddmgh Confiimation has been ample and frequent, so 
that the macioscopic and microscopic changes aie now well knowm 
Although the dermal and neui otropic strains produce somewhat difterent 
lesions, they can both be cultivated with comparative ease on the chorio- 
allantois Goodpasture, Buddmgh, Richaidson and Anderson 
reported that each strain maintained the ability to produce specific 
lesions on the egg membrane even after many egg passages 

According to Burnet,^”® who has summarized this subject up to 1936, 
the early gross changes produced by both strains appeal as small milky 
opacities on the membrane With the dermal strain the first change is 
apparent m twenty-four hours At forty-eight hours the lesions aie 
enlarged (1 to 2 mm in diameter) and discrete, with an occasional 
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centi al depi essioii At seventy-two hours the lesions are still larger, and 
new ones appear In the case of the neurotropic strain it is foity-eight 
hours before the first gross changes are visible With time there occur 
necrosis and hemorrhage m the central portion of the lesions and also 
conspicuous central depressions 

Although Burnet stated that vaccinial strains are not very virulent 
for the embryo, death, when it occurs, usually takes place after the 
fourth day and is moie likely to be produced by the neurotropic strain 
Stevenson and Butlei,^®® on the other hand, reported that they had 
never seen an embryo affected b)^ this virus 

When the inoculum is massive oi is concentrated, coalescent lesions 
occui which reveal the charactei istic pathologic processes of the indi- 
vidual strains In general, the lesion caused by the deimal strain tends 
to be prohfeiative, while that caused by the neurotropic strain is charac- 
terized by hemorrhage, thrombosis of vessels, edema and exudation 

Histologicall}'’, ectodermal proliferation or necrosis may occur, 
depending on the stiain Mesodermal inflammatory changes and pro- 
liferation of vascular endothelium are to be seen 

While Burnet^®® rarely noted Guainieri bodies, inclusion bodies in 
egg preparations have been leported by many others (Goodpasture, 
Woodruff and Buddingh , Herzberg Goodpasture, Buddmgh, 

Richardson and Anderson not onl)'^ observed inclusions but also noted 
that Paschen corpuscles diminished as mfectivity decreased 

Jennerian prophylaxis with egg preparations has been successful in 
the hands of Goodpastui e and his co-workers, Burnet, Herzberg, Steven- 
son and Butler, Lehman and others 

It IS not certain whether the potency of A'accinial Aurus is decreased 
aftei long passage through eggs Kunert found a marked decrease in 
potency aftei 50 egg passages Lehman,’®-" hoAvevei, reported that Auru- 
lence foi rabbits increased Avith egg passage This same authoi 
in 1937 used vaccine from the ninety-fourth egg passage (three yeais) 
AAith good lesults In 2,500 reA’^accinations he obtained 95 8 per cent 
positive reactions In 2,552 piimary A’^accmations he obtained 80 6 per 
cent positive lesults Marked pustule foimation Avithout any complica- 
tions Avas the lule m this series Goodpasture, Buddmgh, Richardson 
and Andeison”®^ A'^accinated 1,074 peisons fiom 4 to 20 years of age 
AA ith a A'^accine prepared after the hundredth egg passage and in the 978 
patients recennng vaccination foi the first time obserA'^ed 93 6 per cent 
positiA^e reactions The reactions obtained Avere of the immune type 
In the opinion of Goodpasture and his collaborators, A'^accine pre- 
pared from the choi loallantoic membrane is preferable to tissue culture 
A^accine because of its ability to maintain high titers without animal 
passage, and because it appears to have less pathogenicity for man Avhile 
at the same time conferring a strong degiee of immunity 
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VD'^ICULAR STOMATITIS 

Ttsu(c CnllKics — Can el, Olitsky and Long^^'’ inoculated the virus 
of lesiculai stomatitis into flasks containing guinea pig embryonic tissue 
or bone man on cells, plasma, Tyi ode’s solution and guinea pig or 
chick extract When this piepaiation was incubated seven to ten days 
and titrated b} guinea pig inoculation, an increase in potency of 10 to 
1.000 times foi each passage was noted However, not each subculture 
was infectne 

CoK, S\\erton and Olitsk},’” using filtiates of mouse biains infected 
with New' Jersey and Indiana stiains, cultivated these stiains in prep- 
arations containing T^rode’s solution and minced chick einbiyos from 
w’hich the heads and limbs had been remo^ed Fifteen culture genera- 
tions for each stiam w’cie leported. w'lth an inciease in potency of 10° 
Latei the authois”- repeated this work and obtained 35 and 58 culture 
generations w ith respectu e increases m potency of 10 °° and 10 

Choj loallantoic Pi epmations — Burnet and Gallon ay passed the 
two strains of this mi us through 10 and 15 egg passages The Indiana 
strain appealed to be more lethal foi the embr}o, although not regularly 
so Histologic examination show'ed ectodermal pi olif ei ation wnth ulti- 
mate degeneiation and necrosis of cells Edema and congestion were 
marked, and death of the embryo w^as frequent They found the virus 
present in the egg membiane and m the skin and liver of the embryo 
Suspensions of the inembi ane proved infective m dilutions of 1 10,000 
However, nonlethal stiains, which pioduced lesions that w^eie localized to 
the ineinbrane'5, w ere obsei ved These authors noted that the egg prep- 
arations weie much more sensitive to the higher dilutions than guinea 
pigs, and they were able to test immune seiums with the chorioallantoic 
technic 

VIRUS III 

Tissue Cultwe — Andiew^es leported m 1929 that he was able to 

cultivate virus III wuth coinpaiative ease in Cairel flasks which contained 
1101 mal and infected rabbit testicular cells, Tyi ode’s solution and rabbit 
plasma or serum This senes was passed thiough 10 geiieiations with 
(ill cases 111 wfliich seiuni was used) an mci eased potency of 3 2 X 10° 
He found inclusion bodies occurring legularly in healthy cells In 
another series Audi ewes succeeded in passing the virus thiough 23 

subcultures wntli an mciease in potency of at least 8 X 10 times Dur- 
ing this work he was unable to demonstrate inclusion bodies when the 
testicular cells were replaced by livei, spleen, kidney or bone mariow 
cells With a preparation similar to that used by Andrewes, Topacio 
and Hyde passed the vii us through 8 subcultures and demonstrated a 
final dilution activity of 1 300,000,000 Ivanovics and Hyde lepeated 
the work done by previous investigators and weie able to get propa- 
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gation of the viius m other rahbit tissues, as well as in testis, although 
the latter w^as the most receptive for virus III 

Results vary as to the formation of inclusion bodies in the presence 
of immune tissues and serums Andiew^es found that as long as the 
virus came m contact with the living cells before the addition of immune 
substance to the culture the inclusion bodies weie formed Topacio 
and Hyde,^'*° however, found that even if the virus w’’as allow^ed to be m 
contact with the cells foi a wdiole houi before the addition of the immune 
plasma the foimation of inclusion bodies w^as inhibited The incon- 
sistency of immune reactions m vitro is interesting m view of the fre- 
quency with which it occurs (See the section on vanola-vaccima ) It 
is apparent that either the technics are not identical, as they aie thought 
to be, or some factoi oi factors not now knowui are pi esent wdiich influ- 
ence the receptivit}’’ of cells for virus 

YELLOW^ FEVER 

Tissue Cultwe — Haagen and Theiler in 1932 successfully passed 
a strain of the virus of 3 'ellow' fever through cultuies of chick embryonic 
tissue m Tyrode’s solution and 10 pei cent monkey serum for 60 cul- 
ture generations ovei a period of eight months Before cultivation this 
strain had been modified by intracerebral passage thiough many mice 
generations Later Haagen show^ed that living cells w ere necessary 
for growth of the virus and that it had a distinct piedilection for 
epithelial cells In another series he was able to pass the viius 
through 100 suhcultuies and to demonstiate its close affinity for the 
cells 111 culture as compared wuth the fluid components During these 
experiments Haagen noted that practically no propagation of the 
virus occuried if the serum was removed from the culture pieparations 

Llo)'-d, Theiler and Ricci cultn^ated the pantiopic and tw'o types 
of the neurotropic strain m flasks containing serum and Tyi ode’s solution 
with either chick 01 mouse embryonic tissue or adult mouse 01 guinea 
pig testicular tissue The pantropic strain was passed through moie 
than 150 subcultures without intercuirent animal passage ovei a peiiod 
of tw^enty-one months Prolonged cultivation of this pathogenic stiain 
caused a consistent progressive inability to pioduce yellow fever Viiu- 
lence for monkeys w'^as legamed only after 30 passages thiough animals 

Theiler and Smith found that definite modification of yellow fevei 
strains occurred, depending on the nature of the tissue used m the 
medium In the presence of chick embiyonic tissue theie w'^as maiked 
loss of both neuiotiopism and viscerotropism wnthout loss of anti- 
genicity According to the same authoi s,^®-** a high concentration of 
virus was best insured by infecting Avhole chick embiyos By using a 
vaccine prepaied from such infected wdiole chick embryo, the}'^ w'^ere 
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able to produce immunity m monkeys as measured by the titers of anti- 
bodies that had developed These titers had no i elation to the amounts 
of virus inoculated The authors were able also to increase the antibod} 
content in the blood of immune persons by subcutaneous inoculation of 
the culture virus 

The results obtained by their use of vaccine prepared from tissue 
cultuies of yellow fever virus represent the best application to date of 
in vitro methods to practical purposes The vaccine has proved itself effi- 
cacious and convenient The extent of its success is revealed by the 
following statistics in the 1937 annual report of the Rockefeller Founda- 
tion Between February 1937 and February 1938 more than 59,000 
persons, mostly in Brazil, were vaccinated Mild reactions, or none at 
all, occuried More than 95 per cent of the subjects vaccinated in field 


Table 3 — Group 3 Fuuscs ihc Propagahon of Winch ni Tissue Cultures Has 

Been Unsuccessful 


Virus 

Jlaximum 
Number of 
Subcultures 

Maximum 
Ineroase in 
Potency 

Inclusion 
Bodies in 
Vitro 

Confirmation 

Trachoma 

5 10 - 

0 


0 

Herpes zoster 

1 evplant, 
no transfers 

0 


0 

Inclusion blennorrhea 

0 

0 


0 

Babbit fibroma (fibroina- 
tous strain! 

0 

0 


0 


work showed immunity In a senes of 38,000 vaccinated persons 69 
missed a day or more of work Not a single serious leaction uas 
recorded for this series of vaccinations In 1938 (January to October) 
800,000 pel sons were vaccinated m Rio de Janeiro, and no seiious 
complications occurred 

Choiioallantoic Pi epai aUons — The virus of yellow fevei was trans- 
mitted through chorioallantoic preparations for a short number of 
passages by Elmendorf and Smith and Jadin Increased potency 
was apparent in the virulence of high dilutions of eithei the chorio- 
allantois or the embryo No variation in the character of the virus was 
noted 

The opinion expressed by Jadin that this virus can be piopagated at 
will m eggs seems to be well founded in view of the observation made by 
Theiler and Smith that high concentrations of yellow fever auius 
were obtained by infecting whole chick embiyos 
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SUMMARY OF OBSERVATIONS ON THE PROPAGATION OF VIRUSES 
IN CHORIOALLANTOIC PREPARATIONS 

1 Variola-vaccinia May be grown at will Inclusions present Confirmed 

2 Avian pox (fowlpox) Grown at will (Woodruff and Goodpasture 

Increase in potency shown by count of lesions (Burnet Inclusions present 
(Woodruff and Goodpasture i'*® , Burnet Confirmed 

3 Psittacosis Consistent propagation Confirmed Inclusions present Spe- 
cific pathologic changes 

4 Infectious laryngotracheitis of fowls Grown and consistently confirmed 
by four investigators Definite pathologic changes Inclusions present 

5 Yellow fever Small number of passages (Elmendorf and Smith 
Jadin^^®) but probably can be grown at will 

6 Encephalitis (St Louis) 68 passages (Smith i®) Confirmed 

7 Encephalitis (Japanese B) 75 passages (Haageii and Crodel One 

confirmation Possible inclusions 

8 Equine encephalomyelitis Small number of passages but fairly well con- 
firmed Inclusions present (Covell^") 

9 Fowl plague Grown without difficulty (Burnet and Ferry but number 
of egg passages not stated No confirmation 

10 Influenza Grown at will Well confirmea 

11 Louping ill Faiily specific pathologic changes Confirmed (Burnet and 
Lush Better results than with tissue culture 

12 Rabbit mxyoma 26 passages (Lush®^) Disagreement as to pathologic 
changes and presence of inclusions (Lush®^, Haagen and Dscheng-Hsing ®") 
Further confirmation desirable 

13 Vesicular stomatitis 15 passages (Burnet and Galloway i®®) Egg prepa- 
rations more sensitive than guinea pigs Definite pathologic changes 

14 Herpes simplex 24 and 50 passages (Saddington s'* , Burnet, lush and 
Jackson ®o) Pathologic changes not altogether specific Probably can be grown 
at will Further confirmation desirable 

15 Kikuth’s canary virus 8 transfers (Burnet''^®) Confirmed (Burnet and 

Lush Inclusions present Pathologic process similar to poxes Can probably 

be grown at will 

16 Newcastle disease Can probably be grown at will (Buinet and Ferry-®) 
but this has not been confirmed 

17 Rous sarcoma 30 passages (Keogh®®) Probably can be grown at will 
Specific pathologic changes Confirmation desirable 

18 Pseudorabies 57 passages (Burnet, Lush and Jackson ®®) Can probably 
be grown at will Further investigation desirable 

19 Rabies 1 positive report (Dawson®®) 12 passages Suggestive patho- 
logic picture Inclusions present Confirmation desirable 

20 Ectromelia 18 passages (Paschen^^) Good confirmation Inclusions 
(Paschen ^^) 

21 Infectious bronchitis of chicks 14 passages (Beaudette and Hudson ‘‘■i) 
No confirmation but good evidence for increased pathogenicity 

22 Rubeola (measles) 13 passages (Wenkebach and Kunert '’®) Suggestive 
pathologic picture Good neutralization with specific seium Further confirmation 
desirable 
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23 Vaiicella 11 passages (de Castro Teixeira Pathologic changes do 

not appear to be very specific No evidence for increase No confirmation 

24 Coryza 3 passages (Kneeland, Mills and Dochez No confirmation 

25 Rift Valley fever 5 passages (Saddington No confirmation Addi- 
tional evidence desirable 

26 Pacheco’s parrot disease 6 passages No confirmation Fairly specific 
pathologic changes Inclusions present Confirmation desirable 

27 Lymphogranuloma venereum Small number of passages Disagreement 
as to inclusions Considered not grown Pathologic effects not definite 

28 L 3 ’^mphocytic choriomeningitis 8 passages Definite increase in potencj’’ 
No confirmation 

29 Herpes zoster 3 passages (de Castro Teixeira No confirmation 
Pathologic effects not specific Considered as not grown 

30 Foot and mouth disease Did not survive for twenty-four hours in the 
egg (Galloway and Elford 2 ®) 

31 Trachoma Negative results (Harrison and Juhanelle , Thygeson 
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Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
etc — Cornelius P Rhoads, associate membei of the Rockefeller Institute for 
kledical Research, has been chosen to succeed James Ewing, who is about to 
retire, as dncctor of the Iilemorial Hospital for the Treatment of Cancer and 
Allied Diseases in New York Undei Dr Ewing’s wisely progressive guidance 
the Memorial Hospital has de\ eloped into a great modern center for cancer service 
and studj 

T D Spies, associate professor of medicine in the University of Cincinnati, 
has been awarded the John Phillips Memorial Medal by the American College of 
Physicians for his contributions to the study of nutrition and particularly for his 
study of pellagra 

Eugene M Landis, assistant piofessoi of medicine in the University of Penn- 
sylvania, has been appointed professor of internal medicine in the University of 
Virginia 

Laszlo Delre, senior immunologist in the division of infectious diseases of the 
National Institute of Health, Washington, D C, died on May 26 of brain tumor, 
aged 64 Dr Dctrc discovered independently a test for syphilis almost identical 
with the Wassermann test He graduated from the University of Budapest in 1895 

The first degree of doctor of medical science in forensic medicine from New 
York University College of Medicine has been awarded to Maurice Powers, 
director of the laboratory of the Royal Canadian Mounted Police in Regina, Sask, 
Canada 

F C Minett, professor of pathology in the Royal Veterinary College, London, 
has been appointed director of the Imperial Veterinary Research Institute of the 
Government of India 

Gerald B Webb, director of the Foundation for Research in Tuberculosis at 
Colorado Springs, has received the Trudeau Medal of the National Tuberculosis 
Association in recognition of his attempts “to produce specific immunity against 
tuberculosis by the inoculation of animals w'lth very minute numbers of tubercle 
bacilli ’’ 

The American Institute of Nutrition has awarded C A Elvehjem, professor 
of biochemistry in the University of Wisconsin, $1,000 for his discovery that 
nicotinic acid will cure pellagra 

Society News — The American Association for the Advancement of Science 
will hold its nevt annual meeting at Columbus, Ohio, Dec 27-30, 1939 
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Abstracts from Current Literature 

To Save Space the Original Titles of Abstracted Articles Sometimes 

Are Shortened 


Experimental Pathology and Pathologic Physiology 

Genesis or Renal Hypertension L N KAtz, M Friedman, S Rodbard and 
W Weinstein, Am Heart J 17 334, 1939 

The genesis of the hypertension following renal ischemia (Goldblatt method) 
was 1 einvestigated m an attempt to demonstrate a humoral mediator in hyper- 
tensive animals The average femoral arterial blood pressure of 127 normal 
trained dogs, determined by the Hamilton technic, was 155 mm of mercury systolic 
and 80 mm diastolic The average brachial arterial blood pressure of 16 normal 
trained dogs, determined indirectly, was 130 systolic and 85 diastolic The h 3 'per- 
tension which developed in unilaterally nephrectomized animals was more severe 
and of longer duration than that in animals which had two normal kidneys , 50 per 
cent of the nephrectomized animals died in uremia Paitial occlusion of both 
renal arteries was performed m 24 dogs In 85 per cent of them hj'pertension 
developed, which was more severe and of longer duration than wdien partial 
occlusion of only one renal artery w^as produced The nonprotem nitrogen of the 
blood usually became elevated following clamping, and 7 dogs died in uremia 
The seventy and persistence of the effects of renal ischemia depend on the 
presence of a normal kidney This indicates that hypertension depends on the 
ratio of ischemic to normal renal tissue Distemper was found to cause alleviation 
or disappearance of renal hypertension, the hypertension recurred when the dis- 
temper was cured Partial thyroparathyroidectomj did not affect the blood pres- 
sure m renal hypertension Histologic examination of kidneys in w'hich ischemia 
had been present as long as six months failed to reveal definite abnormalities 
Cross transfusion of several liters of whole blood for eighteen or more hours 
between trained unanesthetized dogs with persistent renal hypertension and trained 
unanesthetized, bilaterally nephrectomized, nonhypertensive dogs failed to reveal 
any pressor response in the nonhj'pertensive dogs Perfusion of large quantities 
of heparinized blood over several hours from an anesthetized dog wnth persistent 
renal hypertension into the isolated denervated hindhmb preparation failed to pro- 
duce any vasopressor action in the latter 

Temporary hypertension lasting several hours was found to follow unilateral 
or bilateral nephrectomy This did not occur m control, mock operations It is 
suggested that the transient hypertension follownng nephrectomj' is neurogenic 

From Authors’ Summari 

Experimental Thrombopenic Purpura L M Tocantins and H L Stewart, 
Am J Path 15 1, 1939 

The clinical and pathologic manifestations of experimental purpura as produced 
with antiplatelet serum in the dog undergo a uniform evolution, the stages of 
which may be conveniently divided into (1) an acute stage (first to fifth days), 
in which occur thrombopenia, with a prolonged bleeding time, and, in the tissues, 
hemorrhage, edema and deposition of pigment, (2) an intermediate stage (fifth to 
tenth days), during which there aie a rising platelet count, a short bleeding time 
and multiple vascular thrombi in various organs, principally in the spleen, (3) a 
reactive stage (after the tenth day), characterized by a high platelet count and 
hyperplastic changes m the bone marrow, spleen, lymph nodes, thymus and Peyer’s 
patches of the ileum There are indications that these evolutionary changes of 
the experimental disease are duplicated to a certain extent m spontaneously 
occurring thrombopenic purpura of man Authors’ Summary 
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Nephritis and Hlmoglodin Production in Anemia G H Whipple and 
F S Robscheit-Robbins, J E\pcr Med 69 485, 1939 

Spontaneous glomeruhtis deielops not infiequently (incidence, 11 per cent) in 
dogs of the anemia colony The course of the nephiitis is insidious and usually 
evtends over several years but ends in uiemia, often with teiminal bronchopneu- 
monia The production ot hemoglobin in these standaid anemic dogs is well 
established as related to vaiioiis standard food factors Tables show the changes 
that appeal >car by jear in the life of each dog Nephritis causes little or no 
change in the production of hemoglobin in these anemic dogs in its early stages 
In the late stages theic may be no change or moderate changes m the production 
of hemoglobin In advanced ncphiitis the average is 70 per cent of the normal 
production It seems unlikely that this degree of impairment m the production 
of hemoglobin in nephritis would result in spontaneous anemia in the dog 

From Authors’ Summary 

The Vi Antigen OF THE T\rHOiD Bacili us D \V Henderson, Bnt J Exper 
Path 20 11, 1939 

Henderson finds that the antiserum protects mice against typhoid infection 
more efficiently when the infecting dose is a small numbei of highly virulent 
organisms than when a large number of less virulent ones are injected The 
efficiency of the protection is thus determined b> the mass of bacterial antigen 
in the tissues rather than by the Mrulence of the strain used 

Acromegaly and Arterial Tension M Jequif-r, Ann d’anat path 13 179, 
1936 

At autopsy on a 34 jear old woman with acromegaly of the classic type there 
was found all the anatomic evidence of severe primary hypertension The eosino- 
philic adenoma of the hypophysis in this case w'as composed of young, immature 
cells A review of the reports of cases of acromegaly in the literature reveals 
that there has been no constant association with hjpertension Jequier claims, 
however, that he has not been able to find any record in the literature of a case 
resembling his exactly, i e , one in which there was a pituitary adenoma composed 
of young, undifferentiated eosinophilic cells The question of a possible relation- 
ship between the younger eosinophilic cells of the hypophysis and the control of 
arterial tension is suggested but remains unsettled Plrry J Melnick 

Histologic Study or the Parathyroids After Experimental Total Thyroid- 
ectomy H Welti, R Huguenin and L Barraya, Ann d’anat path 13 
227, 1936 

The remarkable absence of symptoms of hypothyroidism in man after total 
thyroidectomy has called forth several explanatory theories Among them is the 
theory that the parathyroid glands undergo metaplasia into thyroid tissue To 
test this, the authors performed total thyi oidectomy in dogs, removing every 
trace, including aberrant thyroid tissue Up to five and one-half months later 
no change was found m the parathyroids except in 2 cases in which slight com- 
pensatory hypertrophy followed accidental removal of half the glands In 1 case 
a nodule grossly resembling a parathyroid was found on histologic examination 
to be a bit of proliferating residual thyroid tissue Incidentally, the myocardium 
in these dogs showed no changes after thyroidectomy Perry J Melnick 

Effects of Vitamin Deficiency on the Reticuloendothelial System 
U UoTiLA and P E Simolv Virchows Arch f path Anat 301 523, 1938 

Rats and guinea pigs were maintained on diets deficient in one of the vitamins, 
A, B or C One series of young rats received an oversupply of vitamin A The 
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animals were vitall}^ stained with lithium carmine before being put to death for 
histologic study In A avitaminosis the Kupffei cells of the liver were enlaiged 
and stored the caimine less well than the normal controls The reticuloendothelial 
cells of the red pulp of the spleen were hyperplastic, enlarged and contained 
ingested fragments of erythrocytes The reticuloendothelial hyperplasia is con- 
sidered a compensatory reaction to the deficiency or a reaction akin to the kera- 
tmization of epithelium In experiments with deficiency of vitamins B and C and 
in A hypervitaminosis no definite effects were seen q -p Schultz 


Pathologic Anatomy 

True Cor Biloculare in Identical Twins F X Giustra and V G Tosti, 
Am Heart J 17 249, 1939 

Twin babies, who weighed 2,280 and 2,820 Gm , succumbed to identical con- 
genital lesions of their hearts and blood vessels approximately thirty and thirfy- 
nine hours after birth The cardiac abnormality was true cor biloculare, and the 
associated anomaly was a persistent truncus These cases are reported because 
search of the literature has failed to disclose any similar instance in which identical 
twins suffered from coi biloculare with persistent truncus 

From Authors’ Summary 

Hyperparathyroidism Due to Parathyroid Adenoma with Death from 
Parathormone [Parathyroid Extract] Intoxication F M Hants, Am 
J M Sc 197 85, 1939 

An instance of hyperparathyroidism with fatal intoxication due to parathyroid 
extract is reported The report fills an existing gap in the natural history of this 
disease A characteristic type of parenchymatous renal calcification is illustrated 
which IS believed to be pathognomonic of hyperparathyroidism A blood calcium 
level approaching 20 mg per hundred cubic centimeters is indicative of severe 
and dangerous parathyroid intoxication Author’s Summary 

Histologic Investigation into the Pyloric Gland Organ in Pernicious 
Anemia E Meulengracht, Am J M Sc 197 201, 1939 

It was shown in earlier investigations that the antianemic factor in the stomach 
(Castle’s intrinsic factor) is not found in the pepsin and hydrochloric acid- 
producing fundus portion but m the pyloric portion and duodenum and that it 
must be secreted by the pyloric glands and the histologically identical Brunner’s 
glands The object of the present investigation was a histologic examination of 
the stomach and duodenum in 8 cases of pernicious anemia, and special regard 
was given to the pyloric and Brunner glands Gastritic changes m the fundus 
portion with atrophy of the glands and disappearance of parietal and chief cells 
were found in all the 8 cases But the gastritic changes were less pronounced in 
the pyloric portion, and the glands seemed relatively well preserved, no histologic 
changes could be demonstrated in Brunner’s glands How these findings, which 
at first sight are rather surprising, can be brought into line with the present 
conception of the genesis of pernicious anemia is discussed 

From Author’s Summary 

Gastroscopic Observations in Pernicious Anemia R Schindler and A M 
Serby, Arch Int Med 63 334, 1939 

Gastroscopic observations on 23 patients with pernicious anemia are presented 
Nine of these patients were seen before any treatment had been given, 14 were 
observed only after adequate treatment, and 3 were examined before and after 
treatment All untreated patients presented superficial gastritis, superficial plus 



ABSTRACTS FROM CURRENT LITERATURE 


591 


atrophic gastritis or patchy or diffuse atrophy After treatment in 4 patients no 
marked improvement of the condition of the gastric mucosa was found , in 1 patient 
there was definite progression of the atrophy, m 7 the mucosa of the antrum was 
found to be normal , in 1 there was almost complete regeneration, and m 4 all 
portions of the gastric mucosa became normal 

These facts can be explained only by the assumption that in pernicious anemia 
two separate diseases of the stomach aie present Primarily there is dysfunction 
of the cells which produce the "antianemic” factor Secondarily there follows 
degeneration of the surface epithelium, with superimposed genuine inflammation, 
which may or may not heal when the deficiency state is eliminated The secondary 
inflammation usually is combined with a similar disorder of the tongue and of the 
intestine, with dysfunction of the hemopoietic apparatus and combined degeneration 
of the spinal cord However, the absence of the “antianemic” factor may sometimes 
lead to severe but reversible atrophic gastritis, without disease of the blood If 
this observation is confirmed, the expression antianemic must be replaced by 
another term 

Probably in many cases atrophic gastritis is due to some kind of deficiency 
state and in some of them to the lack of the “antianemic” factor This disease 
should be diagnosed by the use of the gastroscope, and in each case in which it 
IS discovered liver therapy should be given tentatively Gastroscopic check of the 
result of therapy is necessary The frequent incidence of mucosal polyps of the 
stomach in pernicious anemia is corroborated by the observations of Schindler 
and Serby From Authors’ Summary 


"Silver Cells” and "Spirochete-Like” Formations in Multiple Sclerosis 
AND Other Diseases of the Central Nervous System G B Hassin 
and I B Diamond, Arch Neurol & Psychiat 41 471, 1939 


With a modified silver staining method Steiner found what appeared to be 
spirochetes and silver cells in the brains of patients with multiple sclerosis and 
dementia paralytica The spirochetes of multiple sclerosis differ, according to 
Steiner, from those of dementia paralytica They are named by him Spirochaeta 
myelophthora, for they cause the myelin changes seen in multiple sclerosis and 
are, in his opinion, its cause S myelopthora is a short-lived organism , it easily 
breaks up into granules, which are enclosed within lymphocytes or glia cells and 
are scattered over the visual field, especially near the adventitial spaces of the 
blood vessels and the ependyma of the cerebral ventricles Steinei’s observations 
were largely substantiated by Hassin and Diamond They, however, found the 
spirochete-like formations and the silver cells in many other diseases — subacute 
combined degeneration of the cord, myelomalacia, tumor of the brain, Friedreich’s 
ataxia and many other degenerative conditions The cells containing “silver 
granules” are neither lymphocytes nor glia cells but are broken up nerve tissue 
and are present mainly between the axon and the myelin They were found also 
in and around amyloid bodies, red ceils, white cells within the capillaries, adven- 
titial and endothelial cells, the gray substance of the spinal cord and other localities 
The silver granules, which when arranged in rows resemble spirochete-hke struc- 
tures, are not the cause of multiple sclerosis but its consequence They are prob- 
ably catabolic products, the earliest manifestation of nerve degeneration, which 
evidently takes place first between the axon and the myelin q g Hassin 


Congenital Cystic Diseasf of the Lung T H Sellors, Tubercle 20 49 
and 114, 1938 

The majority of works on pulmonary disorders contain little reference to cyst 
formation or cystic disease The term “congenital cystic disease” can best be 
interpreted as designating an abnormality of lungs in which dilatations or cysts 
of pulmonary tissue and bronchi are found and to which no infective or parasitic 
origin can be assigned The designation "congenital” is based largely on the 
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recognition of many examples of the condition in very young infants, apart from 
the rarer, but more conclusive, examples that have been found m fetuses The 
disruption and derangement of bronchial supporting structures around spaces lined 
by a bronchial type of epithelium can hardly be confused with any other condition 
and are highly suggestive of a congenital or developmental origin This is empha- 
sized to insure distinction between true cystic disease and acquired bronchiectasis 
Whereas infection dominates many of the pictures of acquired bronchiectasis, gross 
dilatations without much infection can occur as the result of bronchial stenosis or 
of atelectasis Clinically and roentgenological ly a certain amount of confusion 
IS bound to arise Nomenclature, such as “universal bronchiectasis,” “telangiectatic 
bronchiectasis,” “congenital pulmonary Ij^mphangiectasis,” “cystic lymphangeomata” 
and “congemtal alveolar adenoma,” is given critical consideration Thirty-two 
cases are detailed, including 6 of large single cysts, 3 of medium-sized cjsts, 16 of 
multiple small cysts (9 of these without lobar distribution, 3 with patchy dis- 
tribution and 5 with involvement of a whole lung) and 6 of multiple cjsts (diffuse 
bilateral distribution) An extensive bibliographj’’ is appended 

H J CORPER 

Hemicraniosis B Brouwer, M Bielschow sk\ and E Hammer, Ann d’anat 
path 13 1, 1936 

The article presents a brief review of the literature on a rare condition called 
hemicraniosis The clinical and autopsy report of a case is presented The patient 
was a 63 year old man His condition was characterized by internal and external 
exostoses of the bones of the left side of the skull, both cranium and face, reactive 
thickening of the meninges of the left side with tumor-like lipomatous nodules, 
and hypoplasia of the left side of the brain In view of the strictly unilateral 
localization, the condition is interpreted by the authors as a congenital defect 

Perr\ J jMelmck 

Changes in the Spleen in the Cirrhoses N Fiessinger and R IiIessim\, 
Ann d’anat path 13 27, 1936 

Fiessinger and Messimy present a discussion of the changes in the spleen m 
the course of the various types of cirrhosis of the liver, with special reference to 
fibrosis The different structures are anal) zed (i e , capsule, trabeculae, arteries, 
sheathed arteries, veins, sinusoids, lymph follicles and reticulum cells), and 
emphasis is placed on increase in the thickness, number and complexity of the 
reticulum fibers The localization and chaiacter of the splenic sclerosis in each of 
the following conditions are illustrated by the observations in at least one autopsy 
Banti’s disease , Laennec’s cirrhosis , hypertrophic cirrhosis , obstructive cirrhosis , 
Hanot’s cirrhosis, and pigmentary cirrhosis The influence of both circulatory and 
irritative (toxic) factors is discussed Sclerosis of the spleen appears before 
cirrhosis of the liver in Banti’s disease, simultaneously in Hanot’s cirrhosis and 
after the hepatic change in Laennec’s cirrhosis Perrv J !Melnick 

Pathologic ANATOM-i and Genesis of Pott’s Dise/Vse R Kautmann, Ann 
d’anat path 13 81, 1936 

On a basis of surgical experiences, postmortem examinations and a study of 
museum preparations, Kaufmann constructs the following theorv of the genesis of 
Pott’s disease Primarily, the disease is a prevertebral tuberculous lymphadenitis, 
either mediastinal via the pulmonary route or mesenteric via the intestinal route 
By contiguity there is at first superficial caries of the anterior surfaces of the 
vertebral bodies, this is only later followed by deep canes and the other complex 
mamfestations of Pott’s disease The vertebral canes is therefore not primary 
The author has often observed early superficial canes of vertebral bodies adjacent 
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to tuberculous b'mph nodes, without fully developed Pott’s disease being present 
Tuberculosis of the sternum develops on the same basis, from tuberculous lymph 
nodes m the anterior mediastinum 

The reason foi the development of caries, the author claims, is a mechanical 
one Pressure atrophy of the adjacent bone by the inflammatory process is the 
first step, following which the bone is easily invaded by the tuberculous process 
Where no pressure occurs, no caries results, in the lower animals Pott’s disease 
IS unknown For this reason the dorsal decubitus in the treatment of Pott’s dis- 


ease IS a mistake, the ventral decubitus, imitating the quadruped's position, yields 


much better results 


Perry J Melnick 


Central Necrosis or the Liver G Rotiie, Fiankfurt Ztschr f Path 51 1, 
1938 

Rothe desciibes the microscopic picture of cential neciosis of the liver and 
discusses the origin of this lesion Mallory, who first described it, believed that 
central necrosis occuired only in severe infection Other authors showed by 
experiment that toxins or sensitization, as well as infection, may be responsible 
In the author’s series of 52 cases, chronic passive hyperemia was present in at 
least 75 per cent He points out that in some cases in which myocardial failure 
or coronary sclerosis is associated with central necrosis there is no toxic, allergic 
or infective element Since necrotic tisue is phagocytosed by leukocytes, which 
are later replaced by connective tissue, central necrosis may be a form of chronic 
congestion of the liver The author also believes that there is no morphologic 
evidence that allergy may be the cause of this lesion Otto Saphir 


Anatomy or Pvelonephritic Contracted Kidneys F Linder, Frankfurt 
Ztschr f Path 51 150, 1938 


Linder studied the anatomy of the pyelonephritic contracted kidney The 
changes occurring in the vessels aie emphasized especially Four stages of changes 
occurring in the cortex are given, but there is no definite sequence of these stages 
Medullary scars may be due to abscesses or to incomplete infarctions, the latter 
corresponding to destroyed areas m the cortex Regarding pelvic changes, chronic 
lesions are mentioned occurung in calices, which appear as foldings of the mucosa 
with papillary excrescences Also, so-called cell nests of Brunn are described as 
evidence of chronic irritation of the pelves of the kidneys Linder, m his 3 cases, 
as well as m others, found hyperplasia of the elastic tissue m the intima, most 
frequently in medium-sized arteries but also in the larger and the smaller arteries 
In the nonaffected portions of the kidneys elastic hyperplasia of the intima in 
arteries was usually present but less marked than in those of the scars He 
explains the appearance of these changes, which occur in the absence of hyper- 
trophy of the heart, as a consequence of so-called “localized hypertension,’’ the 
result of the disproportion between the amount of blood and the decreased diameter 
of the renal vessels The hyperplasia of the elastic fibers in the region of the 
scars IS explained in a similar way Here the pressure is increased because of 
the atrophy of the glomeruli and the numerical decrease in arteries in the corre- 
sponding scars The most striking change m the vessels of the regions of the 
scars, however, was lipoidosis The arterioles in the contracted foci were the 
most affected For the most part these changes were present at points of division, 
while the parts just proximal to the glomeruli were not involved Linder stresses 
that in hypertension the arterioles were narrowed particularly at points of division 
If the vessel contracts at this point, the flow of blood, which is increased because 
of the closure of neighboring arterioles, may stop Because these narrower points 
present sites of lessened resistance they undergo fatty degeneration The author 
Iielieves that for these reasons the arteriosclerosis is not the cause but the con- 


sequence of the hypertension 


Otto Saphir 
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Role or Vascular Hamartia in the Genesis of Internal Hemorrhagic 
Pachymeningitis P Heilmann, Virchows Arch f path Anat 301 547, 
1938 

Systematic microscopic examination of the dura revealed small telangiectatic 
angiomatous capillary maldevelopments immediately beneath the inner surface in 
2 to 3 per cent of the cases Heilmann thinks hemorrhage from such vessels, 
resulting from toxic degenerative changes in the endothelium or from slight 
trauma, may be a cause of chronic hemorrhagic internal pachymeningitis 

O T Schultz 


Microbiology and Parasitology 

Matrix of Inclusion Body of Trachoma P Thygeson, Am J Path 14 455, 
1938 

The inclusion body found in the epithelial cell in trachoma contains a ground 
substance or matrix which is composed predominantly of glycogen This matrix 
IS apparently absent or present only in low concentration in young inclusions and 
uniformly present in mature ones Its formation seems to be associated with the 
change from the large initial body form of the virus to the small clementarv body 
form In view of the ease with which these inclusion bodies may be recognized 
with low magnification, the iodine stain should prove distmctlj valuable as a 
laboratory test in the diagnosis of trachoma Author’s Summary 

Infecttvity of the Primary Complex or Tubercllosis W H Feldman and 
A H Baggenstoss, Am J Path 14 473, 1938 

The lesions of the primary complex of tuberculosis when dcfimtelj encapsulated 
and sclerotic or caseous or caseocalcareous seldom contained viable or Mrulent 
organisms of Mycobacterium tuberculosis Neither the presence nor the absence 
of viable or virulent organisms of Mycobacterium tuberculosis in the lesions of 
the primary complex of tuberculosis can be established by morphologic appearances 
alone The data suggest that in adults endogenous reinfection is unlikely to occur 
from lesions of the primary complex Silica in varying amounts is found fairlj 
constantly in lesions of the primary complex of tuberculosis In the absence of 
demonstrable viable tubercle bacilli in the lesions it is suggested that histologic 
signs of activity are possibly due to silica Authors’ Summ\rv 

Ultracentrifugation of Vaccine Virus J E Smadel, E G Pickels and 
T Shedlovsky, j Exper Med 69 607, 1938 

Ultracentnfugal studies of the CL dermal strain of laccinc mi us wairant the 
following conclusions When suspended in increasing strengths of sucrose, glycerol 
or urea solutions, elementary bodies of vaccinia show variations in sedimentation 
rate which indicate changes in the density or size of the particles For a given 
change in the density of the medium these changes are smallest with sucrose and 
most marked with urea The normal rate of sedimentation of Paschen bodies may 
be restored by resuspending them in dilute buffer solution The density of 
elementary bodies of vaccinia suspended in dilute buffer solutions is estimated to 
be 1 16 Gm per cubic centimeter Higher values foi density are found if the 
particles are suspended m solutions containing sucrose, glycerol oi urea In 53 per 
cent sucrose, for example, the density is 1 25 Gm per cubic centimeters Paschen 
bodies appear to be quite permeable to water and urea, less so to glycerol and only 
slightly, if at all, to sucrose The increased density of the elementary bodies of 
vaccinia in sucrose solutions may be accounted for by an osmotic extraction of 
water from the particles On this basis the water which can be thus extracted 
corresponds to at least a third of the original volume of the particles 

From Authors’ Summary 
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A Peculiar Type or Hemolysis Produced by Staphylococcus Aureus 
(L’Hemophagie Staphylococcique de Muller) T Packalen, Acta path 
et microbiol Scandinav 15 9, 1938 

Packalen studied a little known phenomenon, first described by Muller m 1927, 
which concerns slowly developing discrete secondary hemolytic zones produced 
by staphylococci on blood agar plates He has verified the findings of Muller 
concerning the dependence of this hemolysis on a chemolabile and thermolabile 
filtrable substance in the blood of certain animal species The demonstration of 
this hemolysis occurs only when erythrocytes of ceitain species are used, the 
author making the interesting observation that corpuscles sensitive to secondary 
hemolysis are high in potassium and low in sodium content, while the reverse 
proportions characterize resistant corpuscles The supposition of this investigator 
is that these areas of hemolysis are “the visible manifestation of invisible virus 
colonies deriving from staphylococcal mother colonies The animate or inanimate 
nature of this virus is left open to discussion ” A recent communication from the 
author also reveals that this phenomenon can be elicited not as hemolytic zones 
but as clear zones in opalescent heated serum plates without the addition of 
erythrocytes or hemoglobin The reviewer, in working on the same problem, has 
been inclined to believe, as does Mullei, that the primary element is to be found 
m the serum, since a quantitative relationship depends on this substance, the 
staphylococci activating this element, probably depending on some peculiar meta- 
bolic activity, as evidenced in variations of mannite fermentation by active and 
nonactive strains q Bernice Rhodes 


Immunology 

Tuberculous Allergy Without Infection F R Sabin and A L Joyner, 

J Exper Med 68 659, 1938 

Guinea pigs can be rendered hypei sensitive to tuberculoprotein by repeated 
intradermal injection of small amounts of active tuberculoprotein Tuberculo- 
phosphatide added to the protein speeds up the sensitization and enhances it so that 
the reactive tissues become indurated and necrotic, closely simulating tissues 
involved in the disease Active tuberculoproteins induce new formation of mono- 
cytes and of some epithelioid cells The addition of phosphatide to the protein 
brings about massive formation of epithelioid cells With the increase in the 
cellular reaction to the injection of the mixed phosphatide and protein may be 
correlated the increase in the speed and intensity of the sensitization The intra- 
dermal route IS the best for such sensitization, probably because it provides the 
greatest dose of the sensitizing agent per cell The degree of sensitization arti- 
ficially obtainable by the synergistic action of tuberculophosphatide and tuberculo- 
protein IS quite comparable to the degree of sensitization occurring naturally in 
tuberculous animals , moreover, this degree of sensitization may be induced with 
amounts of the materials from the bacilli which could conceivably be present in 
the tissues of an infected host Authors’ Summary 

Antibody Purification M Heidelberger, P Grabar and H P Treffers, 
J Exper Med 68 913, 1938 

Tested quantitatively, antibody recovered by dissociation of specific precipitates 
from antipneumococcus serum reacts with homologous polysaccharide almost as 
does the antibody in the original serum The dissociation methods employed 
appear to yield a portion of all the anticarbohydrates of differing reactivities in 
the serum, rather than a fraction of low or high reactivity The reversible inacti- 
vation of purified pneumococcus anticarbohydrate by formaldehyde is confirmed 
and the failure of data on the formaldehyde-antibody reaction to permit a choice 
between alternative theories of specific precipitation is shown 

From Authors’ Summary 
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Precipitinogen in Serum Prior to Rheumatism A F Coburn and R IJ 
Pauli, J Exper Med 69 143, 1939 

Between serum taken just before and serum taken shortly after the onset of 
acute rheumatism a precipitin reaction occurs It recurs with repeated rheumatic 
cycles Certain properties of the precipitinogen and precipitin arc described 

From Authors’ Summary 

Effect of Splenectomy and Blockade on the Protfctive Titer of Antiserum 
Against Trypanosoma Equiperdum L R Kuhn, J Infect Dis 63 217, 
1938 

The protective titer of sheep anti-Trypanosoma equiperdum scrum when 
injected intrapentoneally into mice is appreciably reduced if the mice arc splcnec- 
tomized and blockaded with india ink or normal scium and inoculated subcutane- 
ously with 2,500 to 3,000 trypanosomes, but is not reduced if the mice are only 
splenectomized or if they are splenectomized and blockaded with specific (i e , 
sheep anti-T equiperdum) serum Furthermore, it is only slightly reduced in 
mice that are splenectomized and blockaded with nidia ink and given a subcu- 
taneous injection of 1,200 to 1,600 trypanosomes Splenectomy plus blockade 
appears to have no effect on the resistance of mice to trypanosomes specifically 
sensitized in vitro The effect of splenectomy and blockade on the protective 
titer of trypanocidal serum cannot, therefore, be due to inhibition of phagocj tosis, 
decrease of complement or reduction of opsonin, but it may be due to interference 
with the concentration of passively acquired antibodies in macrophage tissues 

From Author’s Summart 

Pneumococcus Type XIV and Human Red Cells M Finland and E Curnen, 
Science 87 17, 1938 

This study was undertaken to explain the unusual reactions, occasional fatalities 
and, in 1 case, hemoglobinuria following the use of antipneumococcus XIV horse 
serum Finland and Curnen found that horse antiserum for Pneumococcus tjpe 
XIV had the capacity of agglutinating human bloods of all four groups at titers 
ranging from 1 80 to 1 260 On the other hand, of 41 antiserums for pneumo- 
coccus types other than XIV, only 2 agglutinated human cells at dilutions of 
1 20 or higher Rabbit antipneumococcus serums did not exhibit this phenomenon 

A S Wiener 

Surface Films of Antibodies and Antigens J F Danielli, M Danielli and 
J R Marrack, Brit J Exper Path 19 393, 1938 

Surface films of pneumococcus (type II) antibodj’’ spread at air-water and oil- 
water interfaces show no sign of ability to combine with the specific polysaccharide 
Surface films of horse serum globulin show no sign of ability to combine with a 
highly active rabbit antiserum Authors’ Summary 

Reactions Between Diphtheria Toxin and Antitoxin C G Pope and 
M Healey, Brit J Exper Path 19 396, 1938 

A photoelectric method has been used to study various phases of the Ramon 
flocculation reaction between diphtheria toxin (or toxoid) and antitoxin The 
following observations were made The production of opacity is more rapid in 
a mixture containing a dose of antitoxin equivalent to that of toxin than in one 
in which the dose of antitoxin is either more or less than that of toxin The rate 
IS affected more by a decrease than by an increase m the amount of antitoxin, 
probably because mixtures containing two equivalents eventually develop a greater 
opacity than the mixture containing one equivalent The rate is increased if the 
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antitoxin is added in two fractions A preformed equivalent mixture gave high 
reactivity with more antitoxin, and under certain conditions a second stage may 
be observed, which is the resolution of preformed aggregates by excess antitoxin 
Mixtuies of toxin and antitoxin m varjung proportions at equilibrium gave opacity 
curves similar m shape to the curves for the nitrogen content of floccules of 
varying composition, the maxima occurring at approximately the same place This 
method of investigation is being used m further studies of precipitin reactions 

From Authors’ Summary 

Sensitivity or Rheumatic Subjects to Streptococcal Products C A Grlen, 
J Path & Pact 47 337, 1938 

Of 32 patients with acute rheumatism, 27, 14 and 13 showed cutaneous sensi- 
tivity to the endotoxin of autogenous hemolytic, vindans and indifferent strepto- 
cocci, respectively Seventy-five per cent of a series of 105 patients with acute 
and subacute rheumatism gave positive skin leactions with a stock preparation of 
the endotoxin of the hemolytic streptococcus as compared with 24 per cent of 105 
nonrheumatic controls In a limited number of persons whose rheumatic disease 
had become quiescent, local and general manifestations of the iheumatic syndrome 
have been induced by subcutaneous injection of the endotoxin of the hemolytic 
streptococcus The evidence supports the view that an infection with the strepto- 
coccus IS an important factor in the production of the rheumatic state 

From Author’s Summary 

Heredity of the Subgroups Ai and As P Dahr and W Bussiviann, Ztschr 
f Rassenphysiol 10 49, 1938 

Dahr and Bussmann report the results of studies on the heredity of the sub- 
groups of group A and group AB in 106 families with 448 children In this series 
there was a family in which the parents belonged to group A and group O, 
respectively, and the child to group AB , this was attributed to illegitimacy In 
addition there were 2 exceptions to the theory of Thomsen, Fnedenreich and 
Worsaae as to the heredity of the subgroups (1) a child belonging to subgroup Ai 
who had parents of subgroup As and group O, respectively, (2) an As mother 
who had an AiB child The last-named exception could not be attributed to 
illegitimacy, since under the aforementioned theory As parents cannot possibly 
have AiB children, and the exception in question involved the mother, not the 
father The relatively large number of exceptions encountered in this study and 
also in those previously published on the heredity of the subgroups indicates the 
need for further studies before the subgroups can be safely applied in medicolegal 

A S Wiener 


Tumors 

Synovial Sarcoma in Serous Bursae and Tendon Sheaths L Berger, 
Am J Cancer 34 SOI, 1938 

Berger reports 5 cases of synovial sarcoma in which the cytologic observa- 
tions were distinctive The origin was traced definitely to the synovial mem- 
branes of serous bursae in 3 cases and probably m the fourth case, while in the 
fifth case the growth originated in a tendon sheath The histologic features 
could be arranged in several groups (a) A syncytium-like structure identical 
with that of some reticulosarcomas of bone marrow or lymph nodes (6) Areas 
resembling an irregular type of fibrosarcoma or rather of histiocytoma (c) Cav- 
ities lined with cuboidal or columnar pseudoepithelial cells, which were in all 
other details identical with the cells lying beneath them The cavities contained 
mucin mixed with cellular and nuclear debris, occasionally with calcium incrusta- 
tions The mucin was apparently not produced by the cells but arose in the 
intercellular substance (d) Large foamy cells with Iipophagic and siderophagic 
properties 
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Not all these features were present in every case All cases presented malig- 
nant features The fifth tumor contained in addition multinucleated giant cells 
of the type seen in so-called giant cell tumors of tendons This case is, accord- 
ing to Berger, the first instance of malignant xanthomatous giant cell tumor on 
record The histogenetic diagnosis was reticuloendothehohistiocytosarcoma 

Only 23 cases, including the 5 reported here, with specific synovial features 
are to be found recorded in the literature In 11 of the cases the tumor originated 
in a joint, in 9, m a bursa, and in 3 in a tendon sheath In 16 the process was 
definitely malignant Berger suggests a classification into (1) benign synovial 
histiocytoma (with histiocytic features predominating and neoplastic nature unde- 
termined), (2) synovialoma (neoplastic, with predominantly endothelial, i e 
synoviothelial, or mucous properties) and (3) malignant synovialosarcoma (with 
histiocytic [xanthomatous, with or without giant cells], endothelial, muciparous 
or different features), the latter in some instances being indistinguishable from 
common fibrosarcoma j Davidsohn 

Mesonephroma 0\ARn W Schiller, Am J Cancer 35 1, 1939 

Schiller reports a new type of ovarian tumor, observed in 19 patients, which 
IS characterized by structures resembling the renal glomerulus as it is seen in 
the Wolffian body or mesonephros In addition to the morphologic similaritj', 
embrj'ologic considerations favor derivation from the mesonephros The basic 
structure is that of a cystic cavity lined with flat cells having bulging nuclei 
and relatively scanty cytoplasm The latter is strikingly thinned out on the sides 
of the nuclei, resulting in a wavy border Into these cavities one or two papillary 
structures protrude, carrying capillaries and lined by cells similar to those on 
the inner wall of the cyst One case was noted in which forms resembling renal 
tubules were found Embrj^ologic and functional considerations explain the relative 
infrequency of tubular forms in mesonephroma In 1 instance the tumor \va'5 
associated with a dermoid cyst and in 1 instance with an embrjoma Experience 
to date suggests that the growth is of a malignant nature The age of the 
patients varied from 8 months to 69 years Schiller behe\es that mesonephioma 
IS not rare j davidsohn 

Mammar\ Gland in High and Low Tumor Strain E Fekete, Am J Path 
14 557, 1938 

A comparative morphologic study of the mammary glands of the Little- 
Murray dilute brown high tumor strain and the C57 black low tumor strain 
shows that the cells of the mammary tissues of the former do not respond so 
uniformly to the endocnnal influences that regulate the progressive, functioning 
and regressive changes of the gland as do those of the low tumor strain In the 
high tumor strain groups of cells may persist m cell division while all the others 
are already functioning, or they fail to regress, sometimes continuing to func- 
tion while all the others have undergone regression Persistent mitotic activity 
of groups of cells leads to early malignant changes 

From Author’s Summary 

Lymph Node Metastasis of Sarcoma S Warren and R W Meyer, Am J. 
Path 14 605, 1938 

Metastasis in lymph nodes occurs in 5 to 10 per cent of all hospital cases of 
sarcoma (exclusive of melanosarcoma, lymphosarcoma and clinically benign 
leiomyosarcoma of the uterus) Seventeen cases of microscopically demonstrated 
metastasis in lymph nodes are presented One patient is now living six years 
after removal of the involved nodes Dissection of the involved lymph nodes 
with radical removal of the sarcoma may improve the prognosis in from 5 to 10 
per cent of cases and may be valuable even after lymphatic metastasis is clinically 
evident From Authors’ Summary 
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Carcinoma or the Lung S Koletsky, Arch Int Med 62 636, 1938 

The histologic classification of primary carcinoma of the lung may be corre- 
lated with essential differences in growth, dissemination and prognosis 

The small cell carcinoma is highly malignant and offers a poor prognosis 
It IS usually primary at the hihis of the lung, it readily invades the postero- 
superior mediastinum and metastasizes extensively, with an especial tendency 
toward widespread extension through the lymphatic system The tumor occurs 
in younger persons There is a short, rapid course without notable remission 

The squamous cell carcinoma is slow growing, locallv invasive and relatively 
nonmetastasizing It is accompanied by infection, necrosis and cavity formation 
Involvement of lymph nodes other than the regional and tracheobronchial nodes 
IS infrequent This type of carcinoma, particularly wdien it involves the hypo- 
arterial bronchus of a loiver lobe of a lung, offers the most favorable prognosis 
for complete resection 

Adenocarcinoma is less favorable to surgical intervention, since, while locally 
invasive, it more frequently and more extensively involves the lymph nodes 
and metastasizes vigorously by way of the blood stream 

From Author’s Summary 

Estrogenic Hormones and Carcinogenesis L A Emge, Surg, Gynec & Obst 
68 472, 1939 

In a series of experiments on white rats of different ages in which aqueous 
theehn and theelin in oil were administered m varying doses and over varying 
periods of time, no malignant changes were produced in the mammary glands, 
genital tract or a transplanted mammary adenofibroma Since this strain of 
rats IS entirely free from spontaneous cancer, it is assumed that a hereditary 
immunity protects the breast and genital tissue against excessive and uncon- 
trolled proliferation, regardless of massive doses of estrogen The proliferative 
changes observed are quantitative and self limited They probably do not occur 
spontaneously even under high physiologic loads of estrogen, as observed in 
experiments on pregnancy A maximal response to estrogenic stimulation is 
terminated by a process of cell exhaustion and cell destruction, probably dependent 
on changes in the hypophysis due to superphysiologic stimulation by estrogen 
Evidence is accumulating to prove that the action of the estrogenic hormones 
IS controlled by definite biologic patterns and that their cancer-provoking faculty 
in small laboratory animals is strictly limited by hereditary tendencies There 
also IS evidence that the effect of estrogen on mammary and genital epithelium 
is essentially quantitative The carcinogenic effect of estrogen is believed to be 
limited Because this hormone favors spontaneous mammary cancer m mice 
highly susceptible to this malignant development is not proof that it operates in 
like manner m other species of mammals 

From Author’s Summary (Warren C Hunter) 

Benzpyrene and Transplanted Carcinoma P R Peacock and S Beck, Bnt 
J Exper Path 19 434, 1938 

There is evidence that intravenous injections of 3,4-benzpyrene colloid can 
inhibit transplanted mouse squamous carcinoma 2146, success depending more 
on the frequency of the injections than on the amount injected, in 6 of 13 mice 
that received eight or more injections of colloid, four tumors regressed completely 
and two partially The toxicity of intravenously injected benzpyrene colloid 
differs in the various species of animals tested, being low in mice, rabbits and 
fowls (and m 1 human being) and high in rats and goats Intravenously injected 
benzpyrene colloid is not harmless, three pulmonary adenomas observed in a 
mouse three hundred and fifty-four days after the first injection were probably 
attributable to the treatment Deposits of benzpyrene can be demonstrated in 
the lungs of mice shortly after intravenous injection of benzpyrene colloid 

From Authors’ Summary 
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A'Ieningioma J R M Innes, W F Harve\ and E K Dawson, Edinburgh 
M J 45 855, 1938 

Meningioma arises from stem cells of the pachymeninx or leptomenmx, i e, 
from membranes of mesodermic origin These stem cells are of a peculiar type, 
individual to the meninges Meningioma is not, fierefore, fibroblastoma, endo- 
thelioma, hemangioblastoma or glioma, but is derived from a type cell of meningeal, 
mesodermic origin, which the authors name specifically meningoblast or meningo- 

From Authors’ Summary 

Tumors in Mice A HADDO\^, J Path & Bact 47 553, 1938 

The following conclusions are based on a stud} of 336 spontaneous tumors in 
mice, 331 of which were mammary tumors The occurrence of multiple primary 
neoplasms approached a chance distribution, although the approximation was 
statistically inadequate to justify the assumption of actual random incidence In 
the great majority of cases the linear measurements of tumor size increased linearly 
Mith time, although a small proportion showed expotential increase No significant 
association could be establislied between the rate of growth and incidence of 
metastases, although such an association was present in a series studied by Ashburn 
A significant correlation was found betw'een size of tumor and incidence of 
metastasis The duration of the primary tumor w'as found to be a higiil} important 
single factor m determining the occurrence of metastasis No significance could 
be attributed to an apparent increase m the frequenev of metastasis in mice with 
multiple primary tumors Tumors situated in the four breasts in the caudal half 
of the body W'ere observed to possess a mean growth rate significantly higher than 
the mean for similar tumors m the six mammary glands cephalic in position No 
relation w^as found to exist betw'een location of tumor and production of metastasis 
When tumors of extreme types w'ere studied, it appeared justifiable to conclude 
that those of differentiated adenomatous structure more often possessed low rates 
of grow'th than the dedifferentiated and anaplastic histologic types In pregnant 
animals bearing spontaneous mammar} carcinoma no e\ idcncc w'as Icund to suggest 
that gestation influenced the rate of tumor growth, but parturition and the onset 
of lactation were uncommonly followed by temporary retardation Slow growth 
W'as frequently observed in the earliest stages of tumor development, such examples 
attaining their maximal rate only after a variable and often considerable interval 
Mention is made of the possible eticlogic significance of this phenomenon Apart 
from the effect described as consequent on parturition and lactation retardation 
during the later stages of grow'th was mainly due to incidental factors, such as 
bacterial infection of the tumor substance Author’s Summarv 

Inhibition of Tumors by Carcinogens A Haddow, J Path & Bact 47 567 

and 581, 1938 

Parenteral administration of 1,2,5,6-dibenzanthracene in mice bearing spon- 
taneous neoplasms (mainly carcinomas of the mammary gland) resulted in most 
cases in a prolonged inhibition of tumor growth The degree of individual response 
varied from slight to marked, and in a few' animals there was active regression, 
partial or complete The same result, with a corresponding degree of variation, 
W'as produced by the carcinogenic substances 1,2,5,6-dibenzacridine and styryl 430 
The noncarcinogenic compounds pyrene and 1,2,3,4-dibenzanthracene either did not 
provoke a response or occasioned only transient interference with tumor growth, 
w'hich was followed by recovery to the previous rate Examples were met with 
in W'hich the noncarcinogenic substances acenaphthanthracene and 1,2,5,6-dibenz- 
phenazine produced a retardation of growth not different from that produced by 
carcinogenic compounds Administration of large doses of estrone benzoate 
produced m some cases no inhibition and in others moderate retardation of tumor 
growth with a tendency toward rapid recovery 

The data indicate that primary chemically induced sarcomas as a class tend 
to be considerably less susceptible to the inhibitory action of carcinogenic substances 
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than spontaneous or transplanted tumors This relative resistance is not, however, 
specific, since tumors induced by a given carcinogenic compound were not sig- 
nificantly more resistant to the inhibitory action of the same compound than to 
that of other carcinogenic substances Author’s Summaries 

Tumors and Lymphogranuloma Virus R Schoen, Ann Inst Pasteur 60 
499, 1938 

In mice in which sarcoma material is engrafted subcutaneously or intrapeii- 
toneally and which simultaneously are inoculated intracranially with lympho 
granuloma in us the virus becomes fixed to the developing sarcomatous neoplasms 
The proliferating sarcomatous elements provide favorable conditions for abundant 
development of the virus in the neoplastic tissue The numerous serial passages 
of lymphogranuloma virus b}' grafting tumors thus contaminated in vivo, the high 
virulence of the virus and the persistence of this virulence after repeated washing 
of the neoplastic tissue furnish evidence that there is a true culture of virus in 
VIVO within the sarcomatous cells The multiplication of the lymphogranuloma 
virus within the tumor tissue does not modify the proliferation of the neoplastic 

From Author’s Conclusions 

Sarcomatous Epulis L Gery, Bull Assoc frang p I’etude du cancer 27 

124, 1938 

Gery found reports of one sarcomatous epulis that was established to be such 
and one that was possibly m the literature He adds a report of 4 cases observed 
by him 

1 A 71 year old man had an involvement of the upper gum No other clinical 
data were available Histologically the lesion showed small cells with large 
nuclei, which were round or slightly elongated, frequent mitoses, and no giant 
cells The diagnosis was small cell fibrosarcoma (sarcovie hshocytaire d petttes 
cellules) A possible origin from the alveolar process was considered but 
excluded 

2 A man aged 36 had a diffuse swelling of the left lower gum with involvement 
of the cervical lymph nodes on the same side Biopsy showed a densely cellular 
growth with extreme cellular and nuclear irregularities and many multmucleated 
giant cells with similar nuclear irregularities The giant cells did not resemble 
those of epulis There were cccasional foam cells A biopsy specimen from a 
metastasis in a lymph node showed an identical histologic picture The diagnosis 
was polymorphous fibrosarcoma {saicome Imhocyiau e polymorphe) The patient 
died five months after the onset, with multiple cutaneous metastases and with 
invasion of the tongue No necropsy was made 

3 A very cellular growth was found in the lower gum of a man of unknown 
age Side by side with giant cells of the epulis type were, in large numbers, 
mononucleated and multmucleated true tumor giant cells with pronounced mor- 
phologic, tinctorial and nuclear irregularities, with abundant atypical mitoses and 
with foci of new-formed osteoid tissue There were no clinical data The diag- 
nosis was giant cell polymorphous fibrosarcoma 

4 A gingival tumor was found invading the maxilla of a 58 year old man 

It was a very cellular growth with extreme variations as to size, shape and staining 
of the cells and particularly of the nuclei There were very few mitotic figures 
Many vascular spaces were lined by the tumor cells There were evidences of 
destruction of bone and many fibrous areas The diagnosis was giant cell fibro- 
blastic sarcoendothelioma {sarco-endothehoma Imtiocytan c, gigantocellulaxre et 
fibroblasUque) I Davidsohn 

Histologic Diagnosis or Embryonal Lipoma G Gricouroff, Bull Assoc 

frang p I’etude du cancer 27 251, 1938 

An encapsulated tumor with a tendency to recur and occasionally even to 
metastasize which originates wherever adipose tissue is present but is seen most 
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frequently in the thigh and in the retroperitoneal space can be easily mistaken for 
myxoma unless frozen sections are stained for fat, for it resembles myxoma closely 
in the gross and even microscopically Droplets varying in size from very small 
ones to such large ones as to fill the entire cell are found , they are more numerous 
away from the blood vessels Mucicarmm staining shows the characteristic color 
reaction in the interstitial tissue but never in the protoplasmic droplets That 
finding is, according to Masson, patliognomonic for true myxoma The fat droplets 
in embryonal lipoma or, as it is sometimes called, myxomatous lipoma are not due 
to degenerative changes m the nuclei They are a product of cellular secretion and 
are pathognomonic for the lipoma It may be necessary to consider 1 A myxoma 
that invades fat tissue In that case there will be compact lobules of adult adipose 
tissue, but there will be no fat droplets in the young tumor cells 2 An undif- 
ferentiated sarcoma with fatty degeneration In that case other signs of degenera- 
tion and of necrosis will be found 3 Xanthogranuloma The spongiocytes (foam 
cells) characteristic of the latter will help to make the correct diagnosis Some 
authors claim that embryonal lipoma is essentially benign and that the recurrences 
and metastases are evidences of a multicentric, systemic nature of growth 

I Davidsohn- 


Medicolegal Pathology 

Question of the Right of a Coroner to Authorize an Autopsv Without 
Holding an Inquest Patrick v Employers Mutual Liability Insurance 
Company (Mo), 118 S W (2d) 116 

Patrick, a fireman employed by the City of Macon, Mo , collapsed and died 
while fighting a fire The local physician of the defendant insurance company 
which insured the city against possible liability under the Missouri workmen’s 
compensation act notified the coroner that the city had insurance on Patrick and 
that “they ask for an autopsy” Later in the dav another physician employed by 
the insurer performed the autopsy Patrick’s widow sued the insurance company, 
alleging that it had caused the autopsy to be performed without her consent or 
knowledge From a judgment for the widow the defendant appealed to the Kansas 
City court of appeals, Missouri 

The court of appeals found no merit in a contention that the widow’s remedy 
was exclusively under the workmen’s compensation act This suit, said the court, 
IS based on the theory that the widow has a quasi-propertj’’ right in the remains 
of her husband The wrong of which she complains occurred after the death of 
the husband, was in no way connected with the cause of his death and could not 
therefore be cognizable under the compensation act 

The court disagreed with a contention made by the insurance company that the 
autopsy was legally performed In Missouri, the court pointed out, a coroner has 
no authority to order an autopsy except in connection with an inquest to be held 
before a coroner's jury No inquest was held in this case, and it was evident that 
the coroner had no intention to hold an inquest, for he testified that the autopsy 
was performed merely that he might have information on which to make out a 
death certificate 

The insurance company next insisted that if the coroner believed an autopsy 
was necessary he acted in his judicial capacity in having one performed, and the 
defendant insurance company was therefore protected But, answered the court, 
a coroner acts judicially only with respect to determining whether an inquest shall 
be held and not in the “calling or holding of an autopsy ” He has no authority to 
order an autopsy except in connection with an inquest In the opinion of the 
court, the jury could conclude from the evidence that even though the coroner 
sought to justify the autopsy on the theory that it was necessary for him to sign 
a death certificate, he abused his office in authorizing the autopsy for the purpose 
of assisting the defendant insurance company to obtain evidence to be used to 
defeat any claim for compensation to be made by the widow 

For the reasons stated, the judgment in favor of the widow was affirmed. 

From JAMA 
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Ernest Witeusky, Picsidcnt 
Aptil 15, 1939 
Sa'muel Sanes, Scctetaty 

Treatment of Acote Infectious Mononucleosis with Sulfanilaaiiiii 
Stuart L Vaughan and Howard Osgood 

Five patients with acute infectious mononucleosis were treated with the full 
dose of sulfanilamide All of these patients had the sporadic type occurring in 
young adults In each the symptoms were moderately severe, with fever, pros- 
tration and lymph node enlargement The blood picture was typical The titer 
of heterophil agglutination was 1 640 or higher In 4 patients pharyngeal or 
oral ulcers were present In 3 patients the spleen was demonstrably enlarged 
In 2 cases in which administration of the drug began early in the second week 
a prompt remission of clinical symptoms followed, with a cnsis-hke fall in the 
temperature and rapid healing of the ulcers In a case without ulceration in which 
treatment was started on the first day of illness the clinical improvement was rapid, 
but the fever persisted for eleven days Atypical hemolytic anemia developed, with 
the hemoglobin falling to 62 per cent, but the hemoglobin rose again steadily despite 
continued administration of the drug In a case in which the treatment was started 
on the seventh day the ulcers healed rapidly and there was clinical improvemcmt 
until a severe drug eruption developed and interfered with subsequent evaluation 
of the symptoms In a case with severe ulceration, in which treatment was started 
on the thirtieth day of illness, no improvement was noted during the succeeding 
nine days In all of the cases the blood and lymph nodes returned to normal no 
more rapidly than would be expected in cases in which no treatment was given 

Observations on Children with Influenzal Meningitis Who Were Treated 
WITH Specific Serum, Sulfanilamidf and Sui fapyridine Erwin Neter 

During the last two years at the Children’s Hospital 12 patients with influenzal 
meningitis were observed, and some were treated with specific serum, sulfanilamide 
and sulfapyndme (2- [paraaminobenzenesulfonamido] -pyridine), respectively The 
age of the patients varied from 3 months to 4 years , of the 12 patients, 9 were 
below 2 years of age During the same period no patient with influenzal menin- 
gitis was admitted to the Buffalo General Hospital This confirms the observations 
of others that influenzal meningitis most frequently occurs in early childhood 
The spinal fluid of the 12 patients prior to treatment was found to be cloudy 
The cell count varied from 304 cells per cubic millimeter in one case to 17,000 cells 
per cubic millimeter in another Bacilli were seen in the sediment of the spinal fluid 
in all cases, but their number varied markedly with the particular specimen 
Bacilli were most numerous in spinal fluids containing relatively few cells Specific 
soluble substance was demonstrable in all spinal fluids Mention may be made 
of the occurrence of a zone phenomenon , i e , undiluted anti-Haemophilus 
influenzae serum may fail to give specific precipitation, while serum diluted 1 10 
may cause definite precipitation, with the supernatant of the spinal fluid 

Of these 12 patients, 9 seem to have had “primary” influenzal meningitis One 
of the other 3 patients three weeks prior to the appearance of meningeal signs 
suffered from H influenzae bacteremia, with metastatic purulent lesions in several 
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joints In a second patient tracheobronchitis which necessitated tracheotomy 
preceded the meningitis, and H influenzae was cultured from the tracheal exudate 
The third patient had tracheitis caused by a hemolytic streptococcus prior to the 
onset of the influenzal meningitis 

The duration of the disease in the 12 patients varied from three days to five 
weeks All the patients died in spite of treatment with specific serum, sulfanil- 
amide and sulfapyndine, respectively Attention may be called to the acute 
fulminating form of influenzal meningitis, these patients died within three to five 
days after the appearance of the first signs of the disease 

The anti-H influenzae serum used in the treatment of these patients was obtained 
from the Massachusetts Commonwealth, Boston, through Dr L Fothergill It 
was administered intrathecally, together with normal human serum as complement, 
and in some of the patients also intravenously Sulfanilamide was given by mouth 
and also intrathecally as a 0 8 per cent solution in physiologic solution of sodium 
chloride Sulfapyndine was given by mouth In some of the cases the adminis- 
tration of the specific serum resulted not only in clinical improvement hut also 
in parallel changes in the spinal fluid First, the number of bacilli present in the 
spinal fluid decreased, and finally the culture became sterile At the same time, 
the sugar concentration in the spinal fluid increased, and the cell count decreased 
However, in all cases reported in this series, in spite of continued treatment, bacilli 
invariably reappeared, followed later by a decrease in the concentration of sugar 
in the spinal fluid With the reappearance of micro-organisms the cell count may 
or may not increase In no case was a second sterilization of the spinal fluid 
achieved 

One of the patients was treated exclusively with sulfanilamide, given bi mouth 
and by intrathecal injection, and later with sulfapyndine At no time did cultures 
of the spinal fluid show that it had become sterile The specimens of spinal fluid 
of this patient were used in an attempt to test the action of sulfanilamide and 
sulfapyndine on the viability of H influenzae present in the spinal fluid To tins 
end, spinal fluid containing various concentrations of sulfanilamide and sulfapyri- 
dine, respectively, were incubated at 37 C At various intervals subcultures were 
made on chocolate agar plates The latter were incubated at 37 C in a jar con- 
taining about 10 per cent carbon dioxide These preliminary experiments revealed 
that H influenzae remained viable in spinal fluid containing sulfanilamide in 
concentrations of from 5 to 15 mg pei hundred cubic centimeters even when it 
had been exposed to the action of sulfanilamide for twenty-four hours In spinal 
fluid containing sulfapyndine, however, the organism lost its viabihtj^ provided 
it was exposed to the action of the drug for twenty-four hours Further experi- 
ments are necessary in order to assay the action of these drugs on H influenzae 
present in spinal fluid and to elucidate the matter of whether or not strains of 
H influenzae differ in their susceptibility to the action of the drugs 

Note — Since this abstract was submitted for publication 2 additional cases of 
influenzal meningitis have been observed One patient died, the other ultimatelj 
recovered The latter, a boy 18 months of age, was treated with a total of 213 cc 
of anti-H influenzae serum, given intravenously and intratiiecally, and a total 
of 205 Gm of sulfapyndine, administered over a period of twentj^-seven daj^s 
On the third day of treatment the spinal fluid became sterile On the seventh 
day, howe\er, H influenzae reappeared in the spinal fluid Under continued 
treatment with specific serum, sulfapj'ridme and sulfanilamide (the latter being 
given intrathecally) the spinal fluid finally became sterile, and the patient made 
a complete recovery 

Fermentable Sugars (Dextrose and Fructose) in Pericardial Bluid Rocer 
S Hubbard and Emerson Holley 

One of us has shown that, in addition to dextrose, tliere are large amounts 
of fructose in spinal fluid and that in contradistinction to the relationshm between 
dextrose in the blood and dextrose in the spinal fluid the concentration of fructose 
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IS much greater in the spinal fluid than m the blood It has not as yet been found 
possible to explain adequately the presence of fructose in spinal fluid Various 
factors may have resulted in the difference noted between blood and spinal fluid 
For example, fructose may be formed from dextrose during the passage of the 
latter sugar through the capillary wall Another possible explanation is that a 
tendency toward a condition of equilibrium between dextrose and fructose exists 
in body fluids which leads to the production of measurable amounts of the latter 
sugar in the absence of red blood cells in high concentration A third possibility 
is that the formation of fructose from dextrose results directly from enzymatic 
processes or from cellular metabolism in the spinal canal or in the central nervous 
system 

It seemed possible that an examination of other bodj’’ fluids low in cells might 
help 111 interpreting the results obtained in the study of the spinal fluid In the 
present note the results of studies of 6 sterile, approximately normal specimens of 
pericardial fluid are presented The material analyzed was removed at postmortem 
examinations The number of cells present was never great, it ranged between 
600 and 1,500 per cubic millimeter The cells were almost wholly endothelial in 
nature Erythrocytes were absent or present only in small numbers The most 
marked chemical difference between these pericardial fluids and the spinal fluids 
studied previously was due to the presence in the pericardial fluids of relatively 
large amounts of protein The concentration of this substance ranged from 1 to 
2 6 per cent and averaged 1 6 per cent The total sugar (dextrose) was determined 
by the method of Folin and Wu after removing the protein and interfering reducing 
substances by the zinc precipitation technic of Somogy The concentration of 
sugar varied markedly It ranged from 75 to 106 mg per hundred cubic centimeters 
and averaged 113 mg per hundred cubic centimeters There was no parallelism 
between the amount of protein and the amount of sugar in the different specimens 
Fructose was determined by Roe’s application of the lesorcinol reaction The 
results were corrected for the slight color given by the dextrose present The 
average amount was 0 4 mg pei hundred cubic centimeters, and the range was 
from 0 to 1 5 mg per hundred cubic centimeters Three specimens contained 
no measurable amount of the sugar These concentrations are much lower than 
those previously found in spinal fluid, which averaged 2 9 mg per hundred cubic 
centimeters They are approximately the same as the results of blood analyses, 
which ranged from 0 to 1 9 mg per hundred cubic centimeters and gave an 
average value of 0 5 mg per hundred cubic centimeter In these pericardial fluids 
there was no parallelism between the dextrose and the fructose similar to that 
observed in spinal fluid 

Confirmation of the nature of the sugars was furnished by a short (twenty 
minute) incubation with packed yeast cells The fructose (compound giving the 
resorcinol reaction) was entirely destroyed by this procedure The dextrose 
(total reducing compounds) was almost wholly removed by it The nondextrose- 
reducing substances in pericardial fluid, as determined by the Folin-Wu coppei 
reagent after purification with zinc and sodium hydroxide, were equivalent approxi- 
mately to 3 mg of dextrose per hundred cubic centimeters of fluid Practically 
all of the reducing compounds in pericardial fluid are destroyed readily by incuba- 
tion with yeast cells for short periods of time Fructose is present in such fluids 
in approximately the same concentrations as in blood The results suggest that 
the presence of fairly large amounts of fructose in the spinal fluid is due to reactions 
within the fluid itself or to some effect of enzymes or of metabolism of the tissues 
adjoining the spinal canal 

Cholangioma in Hepatolithiasis S Sanes and James D MacCallum 

From the standpoint of its pathogenesis, primary carcinoma of the Iner, 
including both hepatoma and cholangioma, has been linked to a number of pre- 
existing lesions, e g, cirrhosis, parasitic infestation, congenital rests, chron’c 
venous congestion, cholangitis and hepatolithiasis 
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We report the rare occurrence of cholangioma in hepatolithiasis associated with 
cholangitis and cholostasis The neoplasm was discovered incidentally at autopsy 
A white woman aged 61 years, who had been a diabetic patient for four 3 ^ears, 
was admitted to the hospital because of a stupor of four davs’ duration No historj 
of jaundice was obtained Death occurred within twelve hours 

The pertinent pathologic observations included early diffuse and patchy pneu- 
monia, hepatolithiasis with dilatation of the intrahppatic bile ducts, which con- 
tained brown sandy mucopurulent bile, with several bile ducts showing papillary 
formations of the lining, small papillaiy and solid bile duct carcinoma 
(cholangioma) in the right lobe of the liver, chronic cholangitis of extrahcpatic 
ducts, with choledocholithiasis and dilatation, chronic cholecj stitis and chole- 
lithiasis , dilatation of the pancreatic duct, with atroph} of the pai cncliyma and 
interstitial fibrosis , atrophy of the brain 

Grossly there was found in the anterosuperior and medial part of the right 
lobe of the liver a dilated duct which showed at and proMinal to the site of 
lodgment of a stone distinct papillarj' proliferations into the lumen On further 
gross sections through the duct the lumen vas piacticallj cntirclj filled with 
papillary growth, and the wall was invaded Surrounding the duct were solid 
white-yellcw nodules The site of the tumor on transection measured 2 5 bj' 2 5 cm 
Microscopically, the tumor proved to be an iinading papillarj and glandular 
bile duct carcinoma (cholangioma) with solid formations of alveolar and trabecular 
types It was associated with hepatolithiasis and with cholangitis and peri- 
cholangitis, which showed papillomatous and adenomatous proliferations in the 
mucosa and in the walls of ducts near the carcinoma and distant from it 
Metastases in lymph nodes were not demonstrated 

The question of the pathogenic relationship between hepatolithiasis with 
cholangitis and cholostasis and cholangioma w’as discussed 


NEW ENGLAND PATHOLOGICAL SOCIETY 

Charles Branch, Piesidoit 
Annual Meeting, Mav IS, 193^ 

Granville A Bennett, Scciclaiy 

Virus and Bacterial iNrEcrioN or the Chick Embrio Ernest W Good- 
pasture, Nashville, Tenn (by invitation) 

It IS often difficult to find or to procuie suitable susceptible experimental ani- 
mals for use in studies of virus diseases Viruses as a class are verj' selective 
in their requirements for growth So far as is known, an intracellular environ- 
ment IS necessary for their multiplication, and in some instances only one type of 
cell of a susceptible host can serve to promote their growdh The need for a host 
susceptible to many viruses and easy of access has been met to a considerable 
extent by the embryo of the developing egg 

The cells of the chick embryo have been found to be susceptible to infection 
by a much greater number of viruses than those of any other animal At least 
15 viruses of man and 12 indigenous to other animals have been successfully used 
to infect chick embryos 

The chick embryo method has been employed for the preparation of various 
prophylactic vaccines, namely, those against smallpox, yellow fever, equine 
encephalomyelitis, fowlpox and laryngotracheitis of fowls 

It has been demonstrated also that certain viruses cultivated by serial passage 
in chick embryos, while gaming virulence for tiie embryo, lose virulence for their 
native host This occurs with the viruses of human influenza, fowl bronchitis and 
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herpes simplex The attenuation thus induced is favorable to the discovery of 
other ^acclnes of prophylactic usefulness 

By grafting skin from man oi other animal onto the choiioallantois of the 
chick embryo it is possible to studj virus infection and to analyze some of the 
processes of immunity 

Bacterial infection maj likewise be studied in chick embryos because these 
developing animals aie ^erJ susceptible to many living pathogenic agents In fact 
the chick embryo is the only host in which epidemic meningitis has been induced 
and its patiiogenesis studied cxperimentall}' (obsei vations bj' G John Buddingh 
and Alice Polk, unpublished) Lesions simulating those found in human beings 
with wdiooping cough may be induced in the icspirator} tract of the cluck cmbr 3 0 
by inoculating it with the bacillus of whooping cough It is possible by this means 
also to studj' such human infections as diphtheria, typhoid fever, undulant fever 
and others 

The infected cluck embryo, furthermore, offeis excellent experimental ground 
for the studi of the effects on infection of specific scrums and other chemical 
agents and for assaying the effectiveness of such therapeutic agents 

These matters are discussed in some detail and arc exemplified by suitable 
experimental illustrations 

TUSCUSSION 

Ro\ Fotheugill It has been a great pleasure for me to hear from Dr Good- 
pasture concerning a technic developed by himself, which has been such a useful 
tool to so manj of us He has surveyed the field of usefulness so completclj’’ that 
one can add but little I should like to point out one or two things that may be 
of some interest In the first place this technic may be particularly useful in the 
diagnosis of certain virus diseases because m certain instances the egg is more 
susceptible to infection by small doses of virus than is the usual experimental 
animal , therefore, one may be able to detect smaller amounts of virus One feels 
inclined to emphasize the practical importance of this technic with respect to the 
production of certain types of \accine, particularly the production of vaccine for 
equine encephalomyelitis Only w'lthin the past week a repoit was received from 
the United States Bureau of Animal Industry m wdiich it w'as stated that during 
the past year, the first year of application of this method to the production of 
equine vaccine, over 1,600,000 10 cc doses w'ere produced Another point of some 
theoretic interest is that this method in respect to certain viruses has permitted 
one to obtain virus in greater concentrations than previously could be obtained 
from infected animal tissue This has permitted a rather definite answmr to one 
controversial problem, i e , wdicther or not a virus inactivated by"^ solution of for- 
maldehyde U S P IS still immunogenic Certainly it has been amply demon- 
strated that the vaccine for equine encephalomyelitis produced m this manner and 
formaldehydized is abundantly immunogenic Another possibility of such a method 
which might be mentioned is that because of the high concenti ation of virus 
obtainable from diseased chick tissue there is a possibility of preparing some of 
the animal pathogenic viruses in a lelatively pure state Stanley has purified a 
plant virus, but until recently this has not been accomplished with an animal virus 
Beard, Wyckoff and others have treated chick tissue equine virus in the ultra- 
centnfuge and obtained a homogeneous sediment w’hich could not be obtained from 
any other diseased tissue 

E F Russell At the present time how is the smallpox vaccine used’ 

Conrad Weselhoeft It was Dr Goodpasture and his associates who first 
definitely isolated the virus of mumps It is to be hoped that his work with the 
chick embryo will throw some light on the relation between the neurotropic and 
the cytotropic action of the mumps virus, thus giving us a better understanding 
of this disease Another controversial subject which would lend itself to this 
investigation is whether chickenpox and herpes zoster are related 
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John Endcrs It is extremely inteiesting that the heterogenous tissue should 
grow on the membrane, and that of course suggests that possibly species antigenic 
differences have not become fully developed in the embr 3 0 I should like to ask 
whether there has been any investigation of this problem, i e , whether compara- 
tive tests of the immunologic specificity of chick embryonic tissue and of the fowl 
tissues after hatching have been carried out 

F P McCarthy Have jmu had an}' expeiience as to the results of the use 
of smallpox vaccine virus m the treatment of recurrent herpes simplex’ Some 
dermatologists are using fiom six to eight doses of subcutaneous oi intradermal 
vaccine virus in the treatment of herpes simplex, with apparently good results It 
IS a lesion w'hich has bothered dei matologists over a period of years Recently 
good results have been obtained from that type of therapy 

A W Sellards I am glad to add my appreciation of Dr Goodpasture’s con- 
tributions Last summer in Europe there was veritable enthusiasm at the Pasteur 
Institute in Pans because at last the problem of a bacteria-free vaccine nrus 
had been solved through cultivation of the virus on the chick embr}'o In Antw-erp 
the Prince Leopold Institute was pleased because at last the chick embryo provided 
vaccine virus suitable for use under tropical conditions in the Belgian Congo The 
method enjoys much favor in London, at Hampstead, m the study of virus diseases 
I am sure that all share the astonishment in seeing the specific lesions of 
meningococcic and pertussis infections reproduced for the first time in the cluck 
embryo and that all share the pleasure of seeing the study of infectious diseases 
placed on a sound basis through the efforts of the pathologists 

E A Sullivan Did you ever use this method for the study of anaerobes’ 
Robert Fienberg Were any neoplastic changes obser\ed’ 

S B WoLBACH How far up in the scales of sire do you include organisms 
under the term "virus”’ When I studied bacteriology all organisms w'cre viruses, 
w'e spoke of the vnrus of tuberculosis, then we said “filtrable virus” Now the 
plain term “virus” in the minds of most persons indicates a filtrable micro-organism 
Ernest W Goodpasture Regarding Dr W olbach’s question 1 here is c\ er} 
reason to believe that minute bodies are associated with certain viruses It cannot 
be definitely stated whether these bodies represent the virus or v\hether thev have 
a v'lrus so closely associated with them that it is not possible to separate them 
One IS amply justified in considering the elementary bodies which arc components 
of the inclusions of cowpox and smallpox as the active agents of these diseases 
In regard to what virus is, however, I do not know, and I do not believe anybody 
else does It is useless to argue whether the viruses are living parasites or not 
As far as any one knows, they need the life processes of cells for their reproduc- 
tion When one talks of the phenomena of life, the term in regard to particles as 
small as virus particles must, I think, have no significance There is one impor- 
tant thing to remember, and that is that the viruses, as far as one kmows, and the 
evidence is very strong, are not filtrable forms of any known bacteria 

Dr Russell asked about the use of chick embryo vaccine It can be used either 
by injection or by inunction after scarification My associates and I have used 
the latter procedure entirely in conformity with the established practice for calf 
vaccine The solution of the problem of human vaccination with chick vaccine is 
not in sight I believe that in the course of time this method will supplant methods 
that have been satisfactory over a number of years There hav'e been some rathei 
severe local reactions reported with chick vaccine, also greater scar formation, 
with occasional keloids Dr Harrison questions the use of chick vaccine My 
point of view is that, as with calf vaccine, one must consider the strain used 
Dr Buddingh carried the Levaditi strain of neurovaccine and a dermal strain 
through fifty generations in embryos The Levaditi strain, which is a testicular 
neurotropic virus, has a tendency to infect the endothelium and connective tissue 
That IS why one gets large hemorrhagic lesions in rabbits These qualities are 
maintained in the chick embryo, and although at the end ot fifty passages this 
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strain has lost some of its virulence, it still produces heinonhagic lesions The 
dermal strain affected the ectoderm but did not produce heinonhagic lesions 
lilanufactui ers of vaccine should realize that the strain of viius used is important, 
and there is no reason to believe that once a good stiain of vaccine is obtained it 
should acquire undesirable qualities bv chick embiyo passage A chick embijo 
laccine established in the laboratorj of the department of pathologj" of the school 
of medicine of Vanderbilt Unneisity and maintained for seven years shows none 
of the qualities of neuroiaccines If it is put into the brain of a labbit, the labbit 
does not acquire meningitis Inoculated m the skin, it pioduccs lesions without 
hemorrhage If one has a good strain to start with, theie is no icason to believe 
that good qualities will be lost and had qualities acquired A vaccine w'hicli pio- 
duces undesiiable lesions may appear on the maiket I think this is due to the 
strain of the Mrus used and not to the method of production 

Since it IS possible to produce with one chick cmbrj'o more than a thousand 
standard doses, based on titration on the rabbit’s skin, I think chick vaccine will 
be used, but I do not think it should have any' bad qualities 

Regarding species specificity I did not have time to go into the history of 
the development of the chick embryo method, but it is w'cll to remember that it 
was used in the study of the Rous tumor Tumor cells have been inoculated into 
the embryo, w'lth “takes” in the membrane more pronounced than those in the 
embryo Follownng these studies. Dr James Murphy used the chick embryo 
membrane method m transplanting tumors He transplanted cancers of mice and 
rats, which took perfectly w'ell and grew up to the eighteenth or nineteenth dav 
The newly hatched chick is entirely resistant to such tumors The embryo does 
not seem to ha%e acquired so-called species specificity It does not respond by the 
production of immune substances as does the adult 

It has been shown that if a hen is immunized to a certain toxin the antitoxin 
which develops in the hen will concentrate in the yolk of the egg and that the 
embryo of the egg from the immunized hen is then not susceptible to the toxin 
In answer to the last question There arc some lepoits in the liteiature of 
good effects from vaccinia in recuirent herpes, but I have had no experience along 
that line There have been no experiments that I am aware of on the culture of 
anaerobic organisms in chick embryos Successful results have occurred with 
trypanosomes, certain spirochetes, several of the fungi and some of the protozoan 
parasites 
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Report of the Medical Research Council for the Year 1937-1938 Presented 
by the Lord President of the Council to Parliament by Command of His 
Majesty, February 1939 Paper Pp 221 Price, SI OS New York British 
Library of Information London His Majesty’s Stationery Office, 1939 

First comes a statement of the Committee of the Privy Council for Medical 
Research which explains m a general way how the grant of £195,000 (about 
$975,000) by Parliament for the year ending Sept 30, 1938, was allocated for 
research Then comes the report of the Medical Research Council In the intro- 
duction to the report are discussed such topics as the practical application of new 
knowledge, research policies, investigations for government departments, the treat- 
ment of cancer by radium and research on hormones Subsequent parts deal v\ ith 
the National Institute for Medical Research and details of the work carried on 
there by some forty investigators, the determination of biologic standards and «> 
methods of biologic assay and measurement, the work of the clinical research 
units in three London hospitals and at the Roj'al Infirmary in Edinburgh, the 
external scientific staff and its investigations, the research aided by grants to 
workers in various places and in various branches of medicine, research in the 
field of tropical medicine , industrial health , traveling fellowships , personnel and 
representation An appendix gives the names of committees for the special sub- 
jects and also indexes of scientific subjects, institutions and personal names 
Finally comes a list of publications The long research front outlined in the 
report represents clinical and experimental medicine, with special attention to virus 
diseases, endocrinology, chemotherapy and cancer Research on a huge scale is 
conducted under centralized direction but without dictation to the individual 
worker The report merits the attention of all who are concerned in an active 
way with the advance of scientific medicine 

Failure of the Circulation Tinsley Randolph Harrison, M D , Associate Pro- 
fessor of Medicine, Vanderbilt University School of Medicine, Nashville, Tenn 
Second edition, revised Cloth Pp 495, with 60 illustrations Price $4 50 
Baltimore Williams & Wilkins Company, 1939 

The appearance of a second edition, of Harrison’s book is ev idence of the 
success of the first edition of only four years ago The new volume is more than 
a mere reprint, there has been much revision, as is shown by rearrangement of 
topics and by numerous additions to the text The most significant change is the 
expansion of the discussion of angina pectoris This includes not only the more 
recent advances in the physiology and pharmacology of the circulation but the 
newer views as to the clinical features and treatment of this most important tvpe 
of acute forward failure of the heart The whole topic is brought quite up to 
date It may be noted incidentally that one is pleased to see the simpler terms 
“forward failure’’ and “backward failure” replace the less familiar and rather 
pretentious “hypokinetic syndrome” and “dyskmetic sjmdrome” As Harrison sav's, 
knowledge of the phenomena of heart disease is more advanced than knowledge of 
its causes This means that physicians are often compelled to treat disturbances 
of function rather than to prevent or oveicome underlying causes One must, 
therefore, approve the persistent zeal of the Vanderbilt group who are attacking 
these problems from the standpoint of factual clinical and necropsy manifestations 
but who at the same time are striving, by physiologic, chemical and bacteriologic 
experimental methods in the ward and the animal laboratory, to understand better 
the fundamental processes that are involved in normal circulation and its failure 
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Lehrbuch der allgemeinen Pathologic und der pathologischen Anatomie. 
H Ribbert Twelfth edition Edited by Prof Dr H Hamperl, Prosektor 
am pathologischen Institut der Universitat, Berlin Paper Pp 634, with 700 
illustrations Price, 27 reichmarks Berlin F C W Vogel, 1939 

Hamperl’s new twelfth edition of Ribbcrt’s book appears to be a good general 
text for students of medicine Some of the sections on general pathologic processes 
are excellent, notably that on thrombosis and those on some of the inflammations 
The section on tumors is brief but appears reasonably comprehensive The illus- 
trations include many excellent photographs as well as many diagrams and 
drawings As might be expected from the extent of the text (634 pages, includ- 
ing 700 illustrations), many subjects arc referred to very briefly or omitted alto- 
gether One finds no reference to tularemia, typhus or plague and only slight 
reference to many of the other infectious diseases The hepatic changes in Weil s 
disease are mentioned but not the characteristic interstitial nephritis The scope 
of the book is too restricted to permit much use of the matter as a source of 
reference by pathologists 
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Medical Jurisprudence and Toxicology William D McNally, BA, MD, 
Assistant Professor of Medicine and Lecturer in Toxicology, Rush Medical College, 
University of Chicago, Chicago Cloth Pp 386, with 23 illustrations Price 
$3 75 Philadelphia and London W B Saunders Company, 1939 

Medical Microbiology Kenneth L Vurdon, Ph B , MS, Ph D , Assistant 
Professor of Immunology and Bacteriology, Louisiana State University School 
of Medicine, New Orleans Cloth Pp 73, with 120 illustrations Price §4 50 
New York The Macmillan Company, 1939 

Cancer Handbook of the Tumor Clinic, Stanford University School of 
Medicine Edited by Eric Lilj encrantz, MD, Chief of Tumor Clinic, Stanford 
University School of Medicine, San Francisco Cloth Pp 114, with 50 illustra- 
tions Price $3 Stanford University, Calif Stanford University Press, 1939 

SvMPOSiUM ON the Synapse Herbert S Gasser, Joseph Erlanger, Detlev 
W Bronk, Rafael Lorente de No and Alexander Forbes (Reprinted from the 
Journal of NetuopJiyswlogy [2 361-472, 1939] ) Cloth Pp 361-474 Price $2 
Springfield, 111 , and Baltimore, Md Charles C Thomas, Publisher, 1939 
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